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ABSTRACT 
Accurate automated classification of LiDAR point clouds is a well-known problem and 
proper parameterization of the classification algorithm is essential to creating useful bare-earth 
terrain models. Parameterization is particularly important in areas characterized by extremely 
low relief, such as the Little Red River Irrigation Project Area in central Arkansas. In this kind of 
landscape, analyses such as hydrological flow models are sensitive to small changes in the 
topography, and therefore prone to errors in the classification of the LiDAR point cloud and the 
digital elevation models (DEMs) derived from it. Developing effective project-specific 
parameters requires a high degree of knowledge of each parameters’ complex function, how 
parameters affect one another, and familiarity with the project data. The workflow and python 
script produced by this thesis automates the creation of multiple bare-earth classifications in 
LAStools using a range of parameter combinations and compares each to a small but 
representative manually-classified control surface. From these automated comparisons, the best 
performing parameters can be rapidly determined and subsequently applied over a larger area. 
The python script and workflow produced by research provides a repeatable, automated method 
of choosing parameters that will reduce or remove the need for further manual classification of a 
point cloud and therefore remove the need for a highly experienced user, thus allowing a broader 
range of researchers to obtain accurate bare-earth classifications from increasingly available 
LiDAR data.  
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1 INTRODUCTION 
Light Detection and Ranging (LiDAR) technology is revolutionizing the observation and 
analysis of the Earth’s surface. Aerial LiDAR has proven to be one of the most effective, 
accurate, and reliable methods of collecting terrain data (Meng, Currit, and Zhao 2010). The 
exponential increases in spatial resolution and availability of LiDAR data along with the falling 
costs for platforms and data collection has led to implementation of the technology in hundreds 
of studies spanning dozens of disciplines including geomorphology, hydrology, and ecology, 
military intelligence, and land use planning (Harbold et al 2015).  
LiDAR systems are indiscriminate in their collection of data; in an unclassified point 
cloud, there is no fundamental difference between ground returns and vegetation returns. For this 
reason, classifying returns as either ground or non-ground is an essential first step in most any 
research utilizing LiDAR (Meng, Currit, and Zhao 2010), creating what is commonly called a 
bare-earth classification or bare-earth model. From this point, users can derive highly-accurate 
digital elevation models, estimate canopy height (Popescu and Zhao 2008) and volume (Zhao, 
Popescu, and Nelson 2009), and even find long-lost Mayan cities buried beneath otherwise 
unreachable dense jungle canopies (Chase et al 2015). Many researchers have developed 
algorithms and/or developed software to automate this classification or filtering of the LiDAR 
data. Despite this, the process still poses a significant challenge for the majority of users (Sithole 
and Vosselman 2003; see also Liu 2008; Chang 2010). 
Without accurate classification of the point cloud, intricate details of the terrain such as 
ditches and short berms are lost or smoothed over (Figure 1). Filtering techniques have failed to 
produce bare-earth models in difficult terrain that are accurate enough for hydrological use 
without further manual classification of the LiDAR data (Sithole and Vosselman 2003). Manual 
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classification and quality control is difficult, tedious, and timing consuming. It is estimated that 
these tasks consume 60 percent to 80 percent of most LiDAR projects processing time, and 
therefore a large chunk of a project's budget allocation (Sithole and Vosselman 2003).  
Manual classification can be thought of as “cleaning” a LiDAR dataset. During this 
process, a dataset is viewed in profiles a few meters in width. This view allows the user to 
determine the ground more easily, frequently displayed as a dense and continuous line of points 
(Figure 2). Using specialized software, the dataset can then be “cleaned” of all points that are 
visually determined to be anything other than ground returns and this must be carried out a few 
meters at time. To give a sense of the scale of the problem, during a recently completed project at 
the University of Arkansas, this process took between two to eight hours to clean a single “tile.” 
LiDAR data is frequently divided up into more manageable tiles. In the case of this project, each 
of the more than 200 tiles covered an area of 1500 meters by 1500 meters with typically more 
Figure 1: A bare-earth model derived from manual classification of a LiDAR dataset, displayed 
as a triangulated area network (TIN), top, is compared with a bare-earth model of the same 
LiDAR dataset derived from automated classification using LASGround and its default 
parameters, bottom. Note the substantial smoothing in the automated classification. 
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than 10 million individual LiDAR returns. Such manual data processing accounted for the vast 
majority of the project’s budget. Reducing the amount of manual processing required on a 
project has the potential to save hundreds of man hours and many thousands of dollars.  
According to Meng, Currit, and Zhao (2010), three feature types exist for which current 
LiDAR ground-filtering algorithms are suboptimal, and which can be improved upon in future 
studies: surfaces with rough terrain or discontinuous slope, dense forest areas that laser pulses 
have trouble penetrating, and regions with low vegetation apt to be ignored by ground filters. 
The Little Red River Irrigation Project contains examples of all of these features. 
The Little Red River Irrigation Project occupies 205 square miles in the northeast and 
north central areas of Arkansas and serves as the study area for this research. The landscape is 
characterized by farmland and marshy bayou and is consequently extremely flat with only 150 
feet of total elevation change over the entire area. Airborne LiDAR’s excellent vertical accuracy 
and resolution has proven to be especially helpful in producing bare-earth and hydrologic models 
of low-relief surfaces (Liu 2011). While flat surfaces generally pose little problem for ground-
Figure 2: An example of manual classification of a LiDAR point cloud using LP360’s display 
window to view the data in profile. The Select Points Above Line tool is used to classify all points 
above a line drawn by the user. Various other tools are available within the software. 
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filtering algorithms, the area contains a number of features that have historically proven difficult. 
In addition to flat crop fields, tree stands with dense underbrush, marshy bayous, and low 
vegetation, the Little Red River Irrigation Project Area contains hundreds of man-made ditches, 
levees, berms, and canals. These features are extremely important to the hydrology of the area, 
but because they represent small but sharp changes in elevation, they have been historically 
difficult for automated algorithms to properly filter. 
LAStools, developed by Dr. Martin Isenburg (LAStools 2014), is a powerful software 
suite dedicated to LiDAR processing. LASground, a component of LAStools, is used to create 
automated bare-earth classifications of point cloud data for DEM creation. While effective, it is 
not immune to the issues mentioned above. The program is intended to be used with default 
parameter presets for a given terrain type such as forest, town, urban, or metro. These presets are 
tuned to remove objects that rise sharply from the estimated ground level, such as structures and 
trees. These presets work well for their intended terrain, especially when the landscape is 
relatively simple. The parameter presets start to fail when the terrain is complicated by small, 
sharp changes in slope such as man-made objects (short walls, ditches, berms, levees, etc). 
Figure 3: Examples of incorrectly classified features on a bare-earth model are displayed in a 
combination of hillshade and DEM. Areas of a road have been incorrectly classified as non-
ground (left). The steep sides of a ditch bank are smoothed over (center). Tall berms are 
removed from the model almost entirely (right). 
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Because these features also rise sharply from the estimated ground level, they are frequently 
incorrectly classified as non-ground, removing them from the resulting bare-earth model and 
producing an overly smooth ground model (Figure 3).  In these situations, manually choosing 
parameters can produce far better results (LBI ArchPro 2014). However, manually determining 
the ideal parameters for a given study area is a time consuming process that relies heavily on the 
subjective judgements of the user, and also requires extensive knowledge of how the parameters 
work, how they relate to each other, and how they relate to the landscape. 
In 2004, Sithole and Vosselman completed a study comparing the performance of 
multiple algorithms on reference datasets. The authors asked the developers of the algorithms to 
tune their software to produce the best results on the provided reference datasets. Sithole and 
Vosselman found that even these experts in the field of LiDAR filtering did not always choose 
the proper filter parameters for a given terrain. If this process could be automated and simplified, 
it could lower the threshold of experience necessary and allow a larger pool researchers access to 
the power of LiDAR.  
Currently available commercial and open-source software packages, including LAStools 
can be very effective if given the correct initial parameters. However, choosing parameters that 
fit a given study area is a difficult process requiring expert knowledge of LiDAR and processing 
software. This research operated on the hypothesis that automating and simplifying the process 
of manually choosing parameters within a LiDAR filtering software package will significantly 
improve the accuracy of the resulting classifications over the default parameters without the need 
for expert knowledge.  
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2 LiDAR FUNDAMENTALS 
A central role of LiDAR processing is the creation of digital elevation models (DEMs). 
The DEM is one of the most widely used sources for elevation information in Geographic 
Information Systems (GIS). DEMs are geo-referenced raster images where each individual pixel 
is given an elevation value, creating a continuous dataset that can be displayed in a number of 
different ways in GIS software. The USGS maintains the National Elevation Dataset (NED) 
which consists of DEMs created from a variety of sources and combined into a seamless dataset 
designed to cover the entire United States. DEMs are used in a wide variety of applications 
including hydrological modeling, 3D visualizations, rectification of aerial and satellite imagery, 
and line-of-sight analysis (Murphy et al. 2008).  However, the level of detail in these applications 
is determined by the spatial resolution of DEM itself. DEMs with 90m resolution may be 
sufficient for hydrological modeling at the continent-level scale, but would not be suitable for 
finer watershed-level scale. As geospatial research and technical applications become more 
focused in larger-scales, the need for higher resolution DEMs becomes more important (ASPRS 
2007). Therefore, the spatial resolution of typical DEMs has evolved from 90 meters to 30 
meters to 10 meters and more recently to 3 meters and less. Traditional methods such as field 
surveying and/or photogrammetry can yield high-accuracy terrain data, but are very time-
Figure 4: An example of a 50cm resolution DEM derived from airborne LiDAR. 
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consuming, labor-intensive, and accuracy is highly dependent on the terrain. In forested areas for 
example, photogrammetry methods are unable to determine the ground height under the canopy. 
Airborne LiDAR has emerged as a fast and cost-effective method of acquiring high-density and 
high-accuracy terrain data (Raber et al. 2007).  
2.1 LIDAR COLLECTION 
LiDAR is an active remote sensing technology, meaning a LiDAR system is emitting 
energy in the course of collecting data. Sensors can be airborne, space-borne or ground-based. In 
the airborne LiDAR system, a laser pulse is emitted from an aircraft-mounted sensor towards the 
Earth’s surface. The reflection of that pulse from the ground or vegetation is recorded at the 
sensor along with the round-trip travel time. The time interval multiplied by the speed of light is 
used to calculate the distance between the sensor and the target. A global positioning system 
(GPS) and inertial measurement unit (IMU) record data on the location and movement of the 
plane, which is combined with the laser pulse range measurements to produce dense point data 
with x, y, and z locations (Elmqvist et al. 2001), normally referred to as a point cloud.  
LiDAR technology has developed rapidly over the last decade (Liu 2008). The pulse rate 
(the number of laser pulses emitted by the sensor in a given length of time) has increased from 
tens of thousands of pulses per second in 2001 to hundreds of thousands of pulses per second in 
2013 (Glennie et al. 2013). Increasing the pulses per second directly affects the density of the 
point cloud, leading to much higher detail in rendering the terrain. Additionally, modern LiDAR 
systems can receive multiple returns when a single pulse is scattered by targets in its path (Meng, 
Currit, and Zhao 2010). Hundreds of thousands of pulses per second, plus multiple returns from 
each pulse means that LiDAR datasets contain staggering amounts of numerical data, which will 
continue to expand as the technology becomes ever more accurate. Current projects can contain 
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upwards of eight points per square meter with total point counts for even modest projects 
numbering in the billions. Using the Little Red River Irrigation project (the dataset used in this 
research) collected in 2013 as an example, one finds a dataset that average more than 7 points per 
square meter and nearly 4 billion points total. The nature of lasers together with the sheer volume 
of pulses being emitted gives LiDAR the ability to pass through gaps in vegetation, allowing 
ground points to be collected even in areas of dense vegetation (Kobler et al. 2007). The 
combination of vegetation penetration and a high point density allows LiDAR-derived DEMs to 
be some of the most accurate available (Glennie et al. 2013). Unfortunately, higher density point 
clouds lead to increased difficulties in storing and processing the data, leading to an even greater 
need for methods of automated filtering (Zhang, Chen, and Whitman 2003).  
2.2 LIDAR PROCESSING 
 The critical step in extracting meaningful information from point cloud data often lies in 
removing information that is NOT relevant to the project’s objectives (Lipnickas, Rimkus, 
Sinkevicius 2014). The LiDAR system is indiscriminate in its collection; it includes returns from 
terrain, vegetation and surface objects with no fundamental distinction. The sensor does not 
differentiate between the ground and a building, a tree, or a truck. For this reason, an essential 
task for the production of DEMs from LiDAR data is to classify returns. Classification, or 
filtering, is the act of grouping individual LiDAR points into discrete classes that attempt to 
describe what that point represents, such as ground, low vegetation, buildings, etc. When 
deriving the ground surface from a LiDAR point cloud, it is only necessary to separate the data 
into two classes: ground and unclassified (Zhang, Chen, and Whitman 2003). Many researchers 
have developed algorithms to automate this classification, or filtering, of the LiDAR data, but the 
process still poses a significant challenge (Liu 2008; Meng, Currit, and Zhao 2009). 
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Extremely accurate classification of the point cloud is necessary so that smaller, but 
important, terrain features such as ditches and short berms are not lost or smoothed over. 
Hydrologic projects in particular require that such features be noted on bare-earth models. 
Filtering techniques are not always able to produce bare-earth models in difficult terrain that are 
accurate enough for hydrological use without further manual classification of the LiDAR data 
(Sithole and Vosselman 2003).  
Much research over the past decade has been devoted to creating new algorithms for 
automated filtering of LiDAR data. While researchers have developed a wide range of filters 
(Kobler et al. 2007), most fall into one of three popular approaches (Silván-Cárdenas and Wang 
2006) based respectively on slope, interpolation and morphology.  
The morphological filter is based on the notion of mathematical morphology (Kilian, 
Haala, and Englich 1996). The process was originally used in object identification of grayscale 
imagery and was successfully adapted to LiDAR data by converting the points to a grayscale 
image based on their elevation. Because the elevations of non-ground objects such as trees and 
structures should be higher than the surrounding ground, returns from these objects can be 
Figure 5: The morphological filter iteratively moves windows through the LAS data. The 
algorithm finds the lowest point in each window, and all returns within the specified vertical 
distance from that point are classified as ground. The LAS returns from the tree and the 
structure are outside the filter window, and therefore not included in the ground model. 
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identified by the difference in shades of gray. The method uses a filtering window to find the 
lowest elevation over a given area of the data. All points that fall within a band above that point 
are classified as ground points. The band size is normally 20-30cm but is dependent on the 
accuracy of the LiDAR data. The filtering window is then applied to the next area of the LiDAR 
data, repeated until all the data has been filtered. The success of this method of filtering hinges 
on the selection of the correct window size. Selecting too large a window may cause ground 
points to be classified as non-ground. Selection too small of a window may cause large objects 
like buildings to be classified as ground points (Kilian, Haala, Englich 1996).  Many of the 
algorithms developed using this method require the assumption of constant slope (Liu 2008), and 
therefore also perform poorly on terrains with discontinuous slope (Zhang et al 2003). Filtering 
algorithms developed by Elmqvist (2002), Zhang et al. (2003), Chen et al. (2007), as well as 
Zaksek and Pfeifer (2006) use this method.  
 Kraus and Pfeifer (1998) first proposed the interpolation-based filter method (also 
referred to as linear prediction). This method uses a weighted, linear least-squares interpolation 
to approximate the ground. It first estimates the surface giving an equal weight to all points, then 
that surface is used as an averaging surface between ground points and non-ground points. 
Residuals are then calculated, usually receiving negative values. Weights are then assigned to 
points based on their residuals, with ground points receiving high weights. The algorithm is 
iterative, and the process progressively increases the accuracy. Originally developed for forested 
areas, and later adapted to urban areas (Pfeifer, Stradler, Briese 2001), the method proved 
ineffective on terrain with steep slopes, although some success was found with modification and 
careful tuning of parameters (Lee and Younan 2003). 
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Vosselman (2000) was 
one of the first to propose slope-
based on the assumption that a 
substantial height difference 
between two neighboring points 
is unlikely to be caused by a 
sharp rise in the slope of the 
terrain, but more likely the higher 
point is not a ground point. 
Essentially, it assumes that natural slope of the ground will be vastly different from the slope of 
vegetation and buildings (Liu 2008). Predictably, this means slope-based filters perform well in 
flat terrain but have difficulties in areas with steep terrain or sharp changes in slope (Sithole and 
Vosselman 2003). As with interpolation-based filters, proper tuning of parameters was essential 
for accurate ground point identification in all terrain (Liu 2008). Roggero (2001) and Sithole 
(2001) also developed filters based on this method. 
All of the above methods are based on measurement of height differences and slope 
between LiDAR points. Each approach assumes, for the most part, a study area of continuous 
slope. A few algorithms using other measures have been proposed. Axelsson (2000) developed a 
filtering algorithm based on triangular irregular network (TIN) densification, and a version of 
that algorithm was used in TerraScan, a popular commercial LiDAR filtering software from 
TerraSolid (Sithole and Vosselman 2003).  A modified version of this algorithm is also used in 
LASground, a software package developed by Dr. Martin Isenburg and the software used in this 
study (Isenburg Groups.google.com 2015).  
Figure 6: The substantial height difference between the LAS 
returns from the tree and structure compared to those of the 
ground allow the slope-based algorithm to filter those returns 
from the ground model. 
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Figure 7: The TIN densification algorithm first selects seed points from the point cloud. A course 
TIN is then created from these seed points. The TIN is progressively densified, until all points are 
classified as either ground or non-ground. During each iteration, parameters are calculated 
from the points included in the TIN, and then additional points are added to the TIN based on 
those new parameters. 
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Axelsson’s algorithm first uses the entire point cloud to calculate initial parameters. It 
then selects seed points from which a sparse TIN is created and iteratively densified. During each 
iteration, parameters are calculated from the points included in the TIN, and then additional 
points are added to the TIN based on those new parameters (Figure 7). This process continues 
until all are points are classified as either ground or object. “The main strength of this algorithm 
lies in its ability to handle surfaces with discontinuities, which is particularly useful characteristic 
in urban areas” (Sithole and Vosselman 2003). The authors also noticed that this algorithm 
occasionally has large numbers of misclassified low points, although these are normally very 
easy to remove manually. In addition to its application in urban settings the approach is also 
particularly useful in in rural area where man-made terrain alterations must be distinguished 
from natural fluctuations. 
In 2003, Sithole and Vosselman (2003) authored a report for the ISPRS comparing many 
of these recently introduced algorithms. The report compared the results of eight algorithms 
against reference data sets. The authors concluded that most of the algorithms performed well on 
simple landscapes, but performance varied considerably on complex landscapes. Additionally, 
surface-based filters tended to fare better. They determined that the filtering of complex urban 
landscapes still posed the greatest challenge and recommend further research into segmentation-
based filtering and data fusion (the use of additional data types like photogrammetry together 
with LiDAR). 
In 2004, Sithole and Vosselman (2004) authored a paper that mirrored the comparison of 
the 2003 ISPRS report. For this research, participants submitted revised versions of the previous 
algorithms. The authors emphasized in their conclusion the importance correct parameter 
selection and highlighted the ubiquitous problems encountered even by algorithm developers: 
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As has become evident from this test, the best filter algorithm may vary from landscape to 
landscape. For optimal performance, it would be preferred to select the filter algorithm 
depending on the landscape type. Furthermore, for each filter algorithm the optimal filter 
parameters will also vary from landscape to landscape. The results of the test with 
multiple resolutions suggested that even the participants did not always optimally tune 
their filter parameters. Which parameters are optimal for which kind of landscape 
further needs to be determined. The ideal case is when the landscape characteristics can 
be determined automatically and used to select the best algorithm with parameters tuned 
for each specific landscape type. 
Sithole and Vosselman 2004 
 
Sithole and Vosselman later (2005) developed a segmentation-based filtering algorithm, 
following up on their previous recommendation for further work in that area. This algorithm 
breaks up LiDAR data into vertical segments, then compares each segment to its neighbors and 
provided improvements in analyzing urban terrain over other methods. Detection of vegetation in 
sloped terrain, however remained an area of difficulty. Meng, Currit, and Zhao (2010) describe 
difficult terrain as areas that contain the following ground features: Shrubs less than one m in 
height; short walls; bridges; buildings of varying sizes and shapes; sharp changes in slope, such 
as river banks, and cliffs; complex mixed land cover; and areas with both low and high relief 
terrain. In such areas, manual classification is considered the most accurate method of obtaining 
a bare earth model from LiDAR data (Sithole and Vosselman 2003). 
2.3 CURRENT CLASSIFICATION PROBLEMS  
Recent reviews have concluded that despite the numerous algorithms and many methods 
developed to filter ground points from LiDAR data, further efforts are still needed to improve 
application in landscapes containing difficult terrain (Sithole and Vosselman 2003; Liu 2008; 
Meng, Currit, and Zhao 2010). These reviews also found that in all methods end-users must 
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carefully choose parameters that fit the terrain to acquire accurate results from filtering 
algorithms (Zhang and Whitman 2005).  Additionally, little has been published comparing 
accuracy, computational complexity, and sensitivity to parameters of the many filtering methods 
(Zhang and Whitman 2005).  
As research has focused on the creation of new algorithms and methods of filtering data it 
has left a void in the literature for research into efficient workflows for the filtering LiDAR 
datasets and creation of DEMs using existing software packages, commercial or open-source. A 
few researchers have tackled this area, such as a recent study by the Ludwig Boltzmann Institute 
for Archaeological Prospection and Virtual Archaeology (LBI ArchPro) comparing six 
commonly available software packages. Their aim was to evaluate the results of these packages 
on reference data of a wooded area. The research was also interested in each software’s ability to 
produce both standard DTMs and DTMs that would be useful for locating archaeological sites. 
An archaeology-friendly DTM would allow users to pick out man-made objects such as low 
walls or stone foundations. For each software package, LBI ArchPro used an experimental 
approach to produce recommended parameters, compared the results to one another, and 
commented on the pros and cons of each. 
According to Harpold et al (2015), further research should be devoted to the 
interdisciplinary use of LiDAR for Critical Zone research. The nature of LiDAR’s data-gathering 
properties means it is uniquely applicable in providing information useful to a variety of 
disciplines from hydrology to ecology to morphology, forestation, etc. According to Harpold et 
al (2015), a technology useful to multiple fields should be utilized to a greater extent in 
cooperative projects, which he finds critical to advancing the field of Critical Zone research. 
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Harpold et al reviewed 147 peer-reviewed papers that employ LiDAR in various fields, 
demonstrating both how useful it is but also how rarely it is utilized in interdisciplinary contexts.  
The importance of critical zone research ensures that LiDAR and issues of classification 
will continue to grow in importance for the foreseeable future. Harpold et al (2015) summarizes 
this conclusion in their article titled Laser Vision: LiDAR as a Transformative Tool to 
Advance Critical Zone Science:  
“We find that using LIDAR to its full potential will require numerous advances across CZ 
applications, including new and more powerful open-source processing tools, exploiting 
new LiDAR acquisition technologies, and improved integration with physically-based 
models and complementary in situ and remote-sensing observations.” 
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Figure 9: A 30 meter resolution DEM displayed with hill shading representing the Little 
Red River Watershed project area. 
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3 METHODOLOGY 
3.1 STUDY AREA AND DATA COLLECTION 
In 2012, the Center for Advanced Spatial Technologies (CAST) at the University of 
Arkansas partnered with the Natural Resources Conservation Service (NRCS), the Arkansas 
Natural Resources Commission (ANRC) and U.S. Geological Survey (USGS) to develop a 
LiDAR derived, hydrologically enforced DEM of the Little Red River Irrigation Project Area, 
located in northeast and north central Arkansas. The extremely low topographic relief of this 
region had severely limited efforts to perform computer-based hydrologic modeling. Aerial 
LiDAR provided a level of vertical accuracy that supported modeling efforts in this study area. 
The goal of the project was to produce high resolution digital elevation data that would allow the 
NRCS to quickly evaluate options for conservation and environmental planning, reduce the time 
spent collecting preliminary topographic surveys, and improve hydrologic and hydraulic 
modeling for the area.  
The majority of project funding from NRCS was used for data processing by CAST 
researchers and students, with 
only a small percentage being 
spent on data collection. CAST 
researchers assessed the utility 
of various open source and low-
cost commercial products for 
LiDAR processing during the 
course of the project. 
Table 1: Little Red River Irrigation LiDAR Project Data 
LAS Version 1.2 
Projection NAD 1983 UTM Zone 15N 
Vertical Datum NAVD88 survey feet 
Nominal Point Spacing 0.5 meters 
Project Area 210 mi2 
Start of Acquisition 3/16/2013    7:25:32 PM UTC 
End of Acquisition 3/27/2013    12:43:04 AM UTC 
Total Point Count 3,937,843,829 
Point Density 7.25/m2 
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The manual effort of the project also led to a very accurate, large-scale set of 
hydrographic data (including both flowlines and polygons) needed to provide the hydrologic 
enforcement of the DEM. These data were digitized from Arkansas Digital Ortho Program 
(ADOP) digital orthophotography collected in 2006 and viewed during digitization at a scale of 
approximately 1:600. All resulting datasets became public domain. 
The LiDAR data were collected in March of 2013 during leaf off conditions by Photo 
Science, Inc. The project required a 0.5-meter nominal post spacing and a 9.25 cm vertical 
accuracy over the approximately 210 square mile study area. The dataset is divided into 283 
individual tiles with interior tiles all measuring 1500 x 1500 meters and border tiles varying in 
size.   
3.2 SELECTION OF TEST AREAS 
The selection of test areas for this project was guided by one requirement: The TEST 
AREAs, when taken as a whole, needed to be representative of the challenging topography and 
land cover typical of the study area.  Specifically, the test areas needed to contain the following 
details: areas of flat cropland; areas of dense, tall vegetation, such as stands of trees; areas of 
punctuated slope, such as levees, berms, ditches and canals; areas of urban development with 
buildings of varying sizes.  
3.3 DESCRIPTION OF TEST AREAS 
 The three test areas were chosen for the features present in each. Each of the three test 
areas contains a different combination of features. When taken as a whole, these areas are 
representative of the varied terrain encompassed by the larger dataset. 
20 
 
 Area02 (Figure 9) measures roughly 625m x 700m, and contains approximately 2.8 
million points. Of the three test areas, Area02 contains the most diverse set of features. Features 
contained in area include a large area of flat cropland free of vegetation, an area with several low 
structures surrounded by tall stands of trees, multiple paved roads flanked by ditches, a marshy 
area containing low vegetation, ditches of various depths and heights and with varying 
vegetation coverage, and a tall berm/levee that is free of vegetation.  
 Area03 (Figure 10) measures roughly 500m x 450m, and contains approximately 1.6 
million points. This test area is dominated by a large marshy area that contains a significant 
amount of standing water and is covered by tall dense vegetation. This area also contains a 
meandering natural creek, which also contains standing water. Other features represented in this 
area include man-made berms with various amounts of vegetation, low vegetation, a ditch 
covered in dense vegetation, a man-made pond with standing water, and a gently rolling clearing 
mostly free of vegetation.  
Figure 10: A percentage of all LAS returns for Area02 displayed as a TIN. Right: A percentage 
of ground returns displayed as a TIN.  
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 Area04 (Figure 11) measures roughly 600m x 650m and contains approximately 3.1 
million points. This test area a large amount of standing water covered by dense, tall vegetation 
(trees). The water is surrounded on most sides by man-made berms of varying size, mostly 
covered in vegetation. This area also contains a large multi-tiered levee and large areas of flat 
ground covered with low vegetation. 
Figure 11: A percentage of all LAS returns for Area03 displayed as a TIN. Right: A percentage 
of ground returns displayed as a TIN. 
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Figure 12: A percentage of all LAS returns for Area04 displayed as a TIN. Right: A percentage 
of ground returns displayed as a TIN. 
3.4 CONTROL DATA SETS 
As previously noted, currently, manual classification is considered the most accurate 
method of obtaining a bare earth model from LiDAR data (Sithole and Vosselman 2003), 
especially in study areas with difficult terrain. Many of the terrain features previously described 
as most difficult to classify by Meng, Currit, and Zhao (2010) are found in the test tiles.  
A manual bare earth classification was performed on each test area using the LP360 
extension for ArcMap 10.1. Individual LiDAR points were classified as ground points (class = 
2), or non-ground points (class = 1). This classification system matches the standards set by the 
American Society for Photogrammetry and Remote Sensing (ASPRS). During manual 
classification, the LAS tiles were displayed as triangular irregular networks (TINs). Before 
starting the manual classification process, all points in the point cloud were classified as ground. 
Throughout the rest of the manual classification process, points could be “removed” by 
reclassifying them as non-ground points. 
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First, outliers, points far above or below the main point cloud, were removed. A 50-
meter-wide profile was drawn across width of tile using the Draw Profile Line tool. This 
displayed a vertical profile of the point cloud in the Profile Window (Fig. 7). This profile was 
moved across the tile, north to south, classifying any outliers found as non-ground. 
Next, a 16x16 cell grid was generated and displayed over the LAS tile using ArcMap’s 
Fishnet tool. This grid served to break the tile into more manageable sections. The remaining 
classification was completed section by section, north to south, east to west. Using a much larger 
scale and profiles averaging 50 x 2 m, any points determined not to be ground were removed 
from for the ground class using a combination of tools.    
3.5 EXPERIMENTAL DATA SETS 
The experimental datasets for this study were produced using a python script developed 
specifically for this project. The user gives the script a range of numbers for each parameter 
required for LASground. An unclassified LAS file corresponding to each AOI is plugged into the 
Figure 13: An example of manual classification in LP360’s display window, using the Select 
Points Above Line tool. 
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python script. The script calls LASground, produces an automated classification of the LAS file, 
then compares it to the control LAS file using LASdiff. This process is repeated, eventually 
producing one new classification for each possible combination of parameters. With the 
parameter ranges selected for this study, this process resulted in 550 independent classifications 
for each AOI. The python script outputs a comma delimited text file containing the classification 
ID, the value of each parameter, and the number of points that were classified differently than the 
control file. 
3.6 EXPLANATION OF LASTOOLS 
 Currently, many popular LiDAR filtering software packages exist. Commercial packages 
include examples such as TerraScan, Scop++, TIFFs, and LAStools. Open-source packages also 
exist such as Fusion, MCC-LiDAR, and modules within SAGA GIS. For this research, LAStools 
was chosen mainly because it was used successfully during the original project undertaken by 
CAST, where the software proved effective and efficient, and also able to be incorporated into 
scripts. Experience gained from that project led directly to this research. 
LAStools (LAStools 2014) is a suite of applications for the comprehensive processing of 
aerial LiDAR data developed by rapidlasso GmBH. It is a collection “of highly efficient, batch-
scriptable, multicore command line tools,” according to the rapidlasso website. Within the 
collection, there are tools designed to classify, tile, compare, convert, filter, clip, and polygonize 
LiDAR data, among others. The substantial number of available tools allows processing of large 
amounts of raw LiDAR data with a straightforward workflow. All of the tools can be accessed 
via a Graphical User Interface (GUI), the command line, or as toolbox plugins for ArcGIS. Each 
tool has documentation that describes how the module functions, an explanation of the available 
parameters, and an example of how to implement them. 
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Within this LAStools, LASground is a tool for bare-earth extraction. According to its 
creator, Dr. Isenburg, the tool uses a modified version of the progressive TIN densification 
algorithm first proposed by P. Axelsson’s (2000), and discussed earlier in this paper. The module 
classifies the laser points as either ground (class = 2) and non-ground points, or unclassified 
(class = 1), matching the classification standards set by the ASPRS, keeping the classifications 
consistent between the control and experimental datasets. For the purposes of this study, the 
command prompt version was used to facilitate the creation of the python script that is the 
backbone of this experiment. Using the command line, the user implements the algorithm by first 
calling the tool, declaring an input LAS file, assigning values for various parameters, and lastly 
declaring a name for the output LAS file. The following is example of the correct syntax to 
execute the LASground tool in the command prompt using its default parameters: 
 >> lasground -i terrain.las -o classified_terrain.las 
LASground supports over a dozen parameters and inputs, but five are directly responsible 
for the resulting classification: step, spike, offset, standard deviation, and initial ground search 
intensity. Step size is the primary method of tuning algorithm and has the largest effect on the 
classification, while spike, offset, standard deviation, and initial ground search are used to fine 
tune the results. Below is a description of each parameter:  
 Step size controls the size of the vertical step between TIN estimations, and is the 
primary method of tuning the software. The step size should be as large as the 
largest non-ground object on the surface. Because LASground looks only at the 
last return by default, selection of step size can be independent of the height of 
tree tops. For example, if a study area is situated in a forested area with simple 
terrain, most likely step size will need to be set based on the height of the low 
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vegetation in the area. If a study area is within an urban area, step size will need 
to be set based on the average height of the structures in the area. An example of 
proper syntax is –step 2.  
 Spike size is used to fine-tune algorithm. The parameter specifies the threshold, in 
meters, at which spikes in the data get removed. Setting spike to .5 m will remove 
spikes in the data greater than 50 cm above and spikes greater than 5 m below the 
coarsest TIN. Outliers below the ground-level are well documented problem with 
the TIN densification algorithm used by LASground (Sithole and Vosselman 
2003), which is why spikes are removed 10 times further below the ground than 
above. Spike uses a similar syntax as step.  
 Offset refers to the maximum offset in meters up to which the points above the 
current ground estimate get included.  
 Standard deviation sets the maximal standard deviation for planar patches in 
centimeters. 
 Initial ground search intensity is another method of fine tuning the algorithm, and 
its setting is meant to be determined by the terrain. For example, a setting of –fine 
or –extra_fine will result in a stronger initial ground point search and might be 
used on very steep terrain. Settings of –coarse or -extra_coarse would 
lessen the initial ground point search and be used on flat terrain. 
  
The module includes several parameters presets that can be used depending on the terrain 
type. It appears these presets focus mostly on changing the step size. The default step size is 5m, 
and is described by the LASground readme file as being useful for forested areas. These presets 
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include -town (step increased to 10m), -city (step increased to 25m), -metro (step increased 
to 50m). While the parameters were set manually for this project, many users will find the 
predefined default combinations give adequate results.  
LASdiff is the second LAStools module used in this research. It simply compares one 
LiDAR dataset to another, and reports the differences. In this case, it was used to compare 
different classification of the same LiDAR dataset. 
3.7 EXPLANATION OF THE PYTHON SCRIPT 
 The key to this research project is a script written in python to automate the process of 
choosing the “best” parameters in LASground for a given dataset and terrain. The intent is to 
allow a user to manually classify a small but representative area of a much larger dataset to use 
as a control and then use this script to determine the ideal value for each parameter, massively 
reducing the amount of time spent manually classifying LiDAR data and testing parameter 
combinations.  
The script accepts two versions of the same LAS tile as inputs: an unclassified LAS tile 
and a manually classified LAS tile that serves as the control. These inputs are given to the script 
in the form of file paths. The script then requires a range of numbers for each of the three 
parameters. The range() function in Python only accepts integers, but floats are required for the 
parameter ranges. While this problem could be overcome with a custom function, the simplest 
solution is to divide the integer by 10 or 100 when it was passed to the string later in the script. A 
range of 2 to 24 therefore becomes .2 to 2.4. 
 With the inputs established, the script now creates a string for the first combination of 
parameters. The script takes the unclassified LAS tile’s file path, the first value in the range for 
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each parameter, and the output file path and combines them into a string. The format of this 
string matches the format required to run LASground from the command prompt. This string is 
then passed to the command prompt, where it runs LASground with the desired parameter 
values. Once LASground has finished, the script then takes the newly created classification and 
compares it to the control file using LASdiff. This is accomplished by creating a string 
containing the file path of the new classification and the file path of the control tile, along with 
commands for LASdiff, and passing the string to the command prompt to initiate module. After 
the files are compared, the script pulls the specific part of the output from the command prompt 
that contains the number of points classified differently in the two files. This number is then 
written to a text file, along with the filename of the new classification, and the value of each of 
the three parameters. This process is then repeated until a new classification exists for each 
possible combination of the parameter ranges. 
3.8 CHOOSING PARAMETERS AND RANGES 
 For this research, the parameters chosen and the ranges for each parameter used were 
based on the recommendations of Dr. Isenburg (Personal communication, 2015). Based on his 
recommendations, step, spike, and offset were chosen, and initial ground search was set to -
ultra_fine, maximizing the intensity. His recommendations are displayed in table 2. 
Table 2: Suggested Parameter Ranges 
Parameter Starting Value Ending Value Increment 
-step  1.0 10.0 1.0 
-spike  0.0 2.2 0.1 
-offset  0.00 0.20 0.01 
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These ranges result in a total of 4,000 possible combinations for just a single test area, 
exceeding the time and computing power available to this study. For this reason, the increments 
were modified from Dr. Isenburg’s original suggestion. Increments for spike and offset were 
increased to .2 and 0.04 respectively. After further testing, it was shown that 0 values for spike 
and offset did not perform well complicated the automation process. Therefore, the starting 
values for spike and offset were adjusted to 0.2 and 0.04 respectively. Finally, the method of 
creating floats within the ranges of the python script necessitated the change of the spike’s end 
value to 2.2.  
The final parameter ranges and increments are displayed in table 3. These final parameter 
ranges resulted in a total of 550 classifications per test area, and the script could easily run over 
night on a machine of modest power.  
In review, the specific methodology for this research includes the following steps: 
1. Three (3) subset test areas were chosen from a larger LiDAR dataset using ESRI’s 
ArcMap 10.1. Each test area exhibited differing land cover and topographic 
combinations, and combined, were representative of the entire study area. 
Table 3: Final Parameter Ranges 
Parameter Starting Value Ending Value Increment 
-step 1.0 10.0 1.0 
-spike 0.2 2.2 .2 
-offset 0.04 0.20 0.04 
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2. For each test area, a raw, unclassified LAS tile was produced using LP360, an ArcMap 
extension developed by QCoherent. 
3. A control dataset was produced by performing a manual classification on the raw LAS 
tile using LP360. A new LAS tile is created for this classification, leaving the original tile 
unclassified. 
4. A python script was created that produced one new classification for each possible 
combination of parameters. This resulted in 550 independent classifications for each test 
area, for a total of 1,650. As each new classification is produced, the script compares it to 
the control tile. 
5. The python script outputs a comma delimited text file. For each classification produced, 
the script records the classification ID, the value of each parameter, and the number of 
points that were classified differently than the control file. 
6. The top performing classification for each test area was then compared to the control 
classification as well as a classification produced using LASground’s default parameters. 
4 RESULTS & ANALYSIS 
Before discussing the results, it is important to reiterate that for this experiment the 
manually classified control tiles were assumed to be ideal surfaces. Manual classification is 
difficult and tedious and hinges on the qualitative observations and subjective decisions of the 
user performing it. Results can be affected by the choice of software, how the data is displayed, 
the experience of the user, and even how much sleep the user might have had the previous night. 
Despite these limitations, manual classification is considered the most accurate method of 
obtaining a bare earth model from LiDAR data (Sithole and Vosselman 2003). Therefore, when 
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any of the parameter sets used in this experiment classify returns in way that matches the control, 
they are described as “correct.”  
Results of the experiment show that the best performing parameters sets for the three test 
areas automatically classified between 94 percent and 97 percent of the LiDAR returns correctly 
compared with manually classified control tiles. In contrast, the LASground default parameter 
set classified between 77 percent and 88 percent correctly. This represents increases of between 
9 percent and 18 percent.  
Qualitatively comparing 50 centimeter resolution hillshade surfaces derived from the 
control tiles, the top performing parameter sets, and default parameter sets for each area, it 
becomes apparent that in all cases the experimental parameters preserved difficult features 
significantly better than the default parameters. Using the default parameters vegetation was 
effectively removed, the ground surface appears much smoother than the control and ditch 
banks, berms, levees, and even raised roads were erroneously classified as non-ground points. In 
contrast, the top performing experimental parameter sets substantially outperformed the default 
parameters on these key features in all test areas, but they were not without their own errors. The 
tops of especially tall berms and levees were occasionally removed and as well the tops of 
narrow, low berms. These features were not completely leveled, and are still visible, but were 
artificially shortened. The experimental parameters sets also struggled to remove low buildings 
and vegetation over standing water. 
For Area02, the best performing parameter combination produced by the script resulted 
in a step size of 3 meters, a spike size of 2.2 meters, and an offset of 0.20 meters. This parameter 
set, Area02_164, resulted in 83,206 points being classified incorrectly compared to the control 
tile, out of the 2,827,142 total points contained in the tile. This equates to less than a 3 percent 
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difference, or better than 97 percent accuracy, comparing favorably to the results from 
LASground’s default parameter set which differed from the control file by 345,744 points, or 12 
percent with 88 percent accuracy (see Table 4).  
A qualitative comparison of hillshades generated from Area02 classifications highlight 
which features in this test area were difficult for the parameter sets and where points might have 
been classified incorrectly. The hillshade shows that the experimental parameters effectively 
cleared vegetation while preserving features such as ditch banks, berms, and roads, even if 
vegetation was present on those features (see Figure 12). Low buildings, on the other hand, were 
not effectively removed by the experimental parameters. The top of an especially tall berm was 
also incorrectly classified, resulting in the berm appearing shorter than it is in reality. When 
compared with the default parameters, the experimental parameters were much less aggressive in 
their smoothing of the landscape. The default parameters produced a pleasing but artificially 
smooth surface. They erroneously classified ditch banks, berms, and even parts of the road as 
non-ground, resulting in an artificial smoothing of the tile. The default set was very effective in 
clearing all vegetation and buildings.  
 For Area03, the best performing parameters proved to be a step size of 2 meters, spike 
size of 1.6 meters, and an offset of 0.20 meters. Out a total of 1,606,570 points, this parameter 
combination, Area03_94, resulted in 73,586 points classified differently than the manually 
classified tile, equating to a roughly 4.6 percent difference (95.4 percent accurate). Again, this 
significantly betters the default parameter set which differed by the control file by 279,895 
points, or roughly 17.4 percent. 
Hillshades from this test area mirror what was observed in Area02 (see Table 5). The 
default parameters effectively removed vegetation, but displayed overly-smoothed ditch banks 
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and flattened steep-sided berms. The hillshade derived from the experimental parameters is 
virtually indistinguishable from that of the control tile, with only two small areas of missed 
vegetation standing out. Both of these areas are located where vegetation was above standing 
water (see Figure 13). 
 For Area04, the best performing parameter combination included a step size of 2 meters, 
spike size of 2 meters, and an offset of 0.20 meters. This combination resulted in 156,473 out of 
a total of 3,099,547 being classified differently than the Area04 control tile, a difference of 
roughly 5.05 percent. When the default parameters were applied to Area04, the result was 
716,832 classified different than the manually classified control tile, or a 23 percent difference. 
Stated another way, the experimental parameter set was 95 percent accurate, compared to 77 
percent accurate for the default parameter set. While Area04’s best performing parameter set 
showed the largest percent change from its respective control file out of the three test areas, it 
showed the largest improvement over the default parameter set (see Table 6). 
 The hillshade derived from the default parameters for this test area showed familiar 
results, again effectively clearing all vegetation, but decimating berms, levees, and ditch banks, 
producing an artificially smooth surface. Bucking the trend, the default parameters outperformed 
the experimental parameters on one key feature prevalent in this test area: vegetation over 
standing water. The experimental parameters erroneously classified a substantial amount of the 
vegetation located over standing water as ground, resulting in dozens of humps and spikes in the 
hillshade. While these errors seem more serious when viewing the hillshade, they represent only 
a small percentage of the total points. The experimental again showed that it for the most part 
preserved difficult features like ditch banks, berms, and levees (see Figure 14).  
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Table 4: Area02 Parameters -step -spike -offset % change from control 
Parameter set chosen by script 3 2.2 0.20 2.94 
LASGround default set 5 1.0 0.05 12.23 
  
 
Area02 manually-classified control surface. 
 
Area02 surface produced by parameters derived from the python script. 
 
Area02 surface produced by the default LASground parameters. 
 
Figure 14: A comparison of bare-earth models, displayed in a combination of hillshade and 
DEM surfaces, derived from Area02 using different classification methods. The manually 
classified control surface (top) preserves all the difficult features, such as the road, ditch banks, 
and short and tall berms. The surface derived from the experimental parameters (center) 
preserved most of these features with the exception of the tall berm, which appears artificially 
flattened. The default parameters incorrectly classified the road, ditch banks, and short and tall 
berms, creating an artificially smooth surface. 
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Table 5: Area03 Parameters -step -spike -offset % change from control 
Parameter set chosen by script 2 1.6 0.20 4.58 
LASGround default set 5 1.0 0.05 17.42 
 
 
 
Area03 manually-classified control surface. 
 
 
Area03 surface produced by parameters derived from the python script. 
 
 
Area03 surface produced by the default LASground parameters. 
Figure 15: A comparison of bare-earth models, displayed in a combination of hillshade 
and DEM surfaces, derived from Area03 using different classification methods. The 
manually classified control surface (top) preserves all the difficult features, such as the tall 
berms and steep ditch banks. The surface derived from parameters chosen by the python 
script (center) also preserved these features. The default parameters incorrectly classified 
these features, smoothing the steep ditch banks and flattening the tall berms. 
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Table 6: Area04 Parameters -step -spike -offset % change from control 
Parameter set chosen by script 2 2 0.20 5.05 
LASGround default set 5 1.0 0.05 23.13 
 
 
Area04 manually-classified control surface. 
 
 
Area04 surface produced by parameters derived from the python script. 
 
 
Area04 surface produced by the default LASground parameters. 
 
Figure 16: A comparison of bare-earth models, displayed in a combination of hillshade and 
DEM surfaces, derived from Area03 using different classification methods. The manually 
classified control surface (top) preserves all the difficult features, such as the tall berms and 
steep ditch banks while successfully removing vegetation above standing water. The surface 
derived from parameters chosen by the python script (center) preserved the difficult features, 
but did not successfully remove the vegetation above standing water. The default parameters 
incorrectly classified the difficult features, but did successfully remove vegetation above 
standing water. 
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 The tables generated by the python script (Appendix B, C, and D) provide an opportunity 
to visualize how parameters within LASground relate to each other and what patterns may exist. 
The 550 parameter combinations generated for each test site were graphed on three-dimensional 
surfaces against the percent they changed from the control tiles. When displayed in this manner, 
patterns begin to emerge.  
 Step size was given a range of one to ten meters for this experiment, with increments of 
one meter. For all test areas, the classifications generally improved as step approached its lower 
limit. Accuracy, measured here by percent change from the control tiles, was highest when step 
equaled two to three meters and decreased slightly at values below two. This pattern is consistent 
with the non-ground features found in the test areas, which generally did not exceed tow meters. 
Remember, according to the LASground user manual, step size should correspond to the tallest 
non-ground object.  
 The offset parameter was given a range of 0.04 meter to 0.20 meters, and iterated in 0.04 
increments. The accuracy of classifications for all test areas improved as offset increased. The 
highest accuracy was achieved at the upper limit of the parameter’s range for all test areas. 
Improvements in the classifications may be achieved by increasing upper limit of offset’s range. 
 Spike size was given a range from 0.2 meters to 2.2 meters, and iterated through in 0.2 
meter increments. The spike size which returned the highest accuracy varied between test areas, 
with values between 1.6 meters and 2.2 meters. With these values all near the top of the range, 
the pattern shows that generally accuracy improved as spike size increased. Increasing the range 
of the parameter would be needed to show if higher values would further improve accuracy. 
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5 DISCUSSION 
 Overall, the experimental parameter combinations determined by the script proved to be 
effective at producing bare-earth models free of vegetation while largely preserving features that 
are historically difficult and minimizing the need for additional manual classification. These 
parameter combinations were automatically generated, removing the need for extensive 
knowledge of the software or the landscape. 
 Two features proved difficult for the experimental parameter sets to correctly classify: the 
numerous buildings located in area02, and tall vegetation situated directly over standing water 
located in area03 and area04. According to the LASground readme file (Isenburg 2014), a larger 
step size is required to effectively remove buildings from a bare-earth model, and this proved 
true. LASground’s default parameter set, which uses a step size of 5m, was able to correctly 
classify the low buildings in area02. Unfortunately, that same step size increase was at least 
partially responsible for erroneously classifying ditch banks, berms, and even the portions of a 
road as non-ground. For this reason, it is my conclusion that further tuning of the parameter 
combination is unlikely to yield results that match the experimental parameters’ performance on 
the test area’s difficult features and correctly classify the buildings as non-ground. The 
Figure 20: A structure shown in profile within the LiDAR point cloud using LP360 software. 
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significantly lower step size used in the experimental parameters is necessary to retain areas with 
small but sharp elevation changes, but is also directly responsible for incorrectly classifying 
structures as ground. Viewing LiDAR data in profile, buildings appear as a sharp and relatively 
large change in elevation of the ground (Figure 16). LiDAR of course does not pass through 
roofs, so no returns are collected underneath a building. It appears that the ground suddenly 
shifts upward, continues for a few meters, and then shifts back down. This sudden change in 
elevation of what is an otherwise continuous line of dense points make buildings relatively easy 
for automated filtering algorithms to effectively remove buildings, provided the step size is set 
high enough. Buildings are also easy to manually classify for the same reasons. While the 
experimental parameter set produced for area02 would require additional manual classification to 
match the control tile, manually removing buildings from the landscape would take only a matter 
of minutes. 
Figure 21: Left, a hillshade produced from the best performing experimental parameter set 
incorrectly classified structures as ground. On the right, a hillshade produced from the 
LASground default parameter set correctly classified the structures, removing them from the 
ground surface. 
43 
 
The tall vegetation missed by the experimental parameter set is clearly visible in area04. 
The experimental parameters erroneously classified a substantial amount of the vegetation 
located over standing water as ground, resulting in dozens of humps and spikes in the hillshade. 
Vegetation directly over standing water is problematic for automated classifications due behavior 
of LiDAR pulses when they encounter water. Topographic LiDAR, such as that used to collect 
this dataset, uses a laser in the near-infrared wavelength, typically 1064 nm. This wavelength is 
quickly absorbed by water, meaning if the water is more than a few cm deep, it is likely no 
returns will be collected from it at all. This means the only returns collected over standing water 
were the sparse returns of the vegetation directly overhead (most likely due to the canopies of 
trees located on the banks hanging over the water). The more aggressive default parameter set 
was better able to classify these points correctly. While these improperly classified returns 
produce a look DEM and hillshade that appear jarring, their sparse nature mean they represent 
only a small percentage of the overall points. Additionally, because these returns are clearly 
visible in a cross-section, they are quick and easy to manually classify.  
Figure 22: A hillshade derived from Area04’s best performing experimental classification. 
Vegetation over standing water was incorrectly classified by the experimental parameters and 
appears as bumps on the surface of what should be smooth water. 
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It is likely that both of the problem areas described above could be solved with additional 
research. Historically, it has proven difficult to set parameters within LASground that can 
effectively classify the fine features of an area (such as the berms and ditch banks of this study 
area), and correctly classify buildings (LBI 2014). Utilizing additional modules within LAStools, 
it may be possible to use two separate parameter combinations in two iterations on the same tile. 
To do this, two other LAStools modules must be used, LASheight and LASclassify. LASheight 
computes the height of each LAS point above the ground and saves this information to the “user 
data” field of each point. It requires that ground points have already been identified 
(accomplished using LASground). LASclassify further classifies non-ground LAS points into 
two additional classes using ASPRS standards: buildings (class 6) and high vegetation (class 5). 
An LAS file must have been previously run through both LASground and LASheight before this 
can be accomplished. The key to this theoretical iterative workflow is a parameter within 
LASground called -ignore_class. By default, LASground ignores any previous classifications on 
the LAS file, effectively performing a new classification whether there is an existing 
Figure 23: Ground points from Area02's best performing experimental classification viewed in 
profile using LP360. Vegetation over standing water was incorrectly classified as ground. 
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classification or not. The –ignore_class parameter tells the tool to ignore points in the selected 
class during the bare-earth classification. The proposed method might follow this workflow: 
1. Run LASground on the test LAS file using a parameter set that is tuned to remove tall 
vegetation and structures from the ground class. 
2. Run LASheight to compute the height of each point above the current calculated ground 
level. 
3. Run LASclassify to further separate the non-ground class into discrete classes 
4. Run LASground a second time, this time with a parameter set that is tuned to removed 
low vegetation and preserve ditch banks, berms, and levees, using the -ignore_class 
parameter to ignore structures that were previously classified. 
To test this theory, a short additional experiment using just area02 was conducted. The following 
workflow was applied on area02.las: 
lasground.exe -i area02.las -o -step 6 -spike 3 -offset 0.20 
temp_filtered.las -ultra_fine 
 
lasheight.exe -i temp_filtered.las -o temp_height.las 
 
lasclassify.exe -i temp_height.las -o temp_classified.las 
 
lasground.exe -i temp_classified.las -step 2 -spike 2 -offset 
0.40 -ignore_class 6 -o area02_exp.las -ultra_fine 
 
 A large step (6m) and spike (3m) were used for the initial LASground classification in an 
attempt to effectively classify the structures as non-ground but not incorrectly classify the large 
berm as non-ground. This is important because in step 3 LASclassify will further classify the 
non-ground class into discrete classes, and if the large berm is classified incorrectly as non-
46 
 
ground, there is a possibility it will be incorrectly classified as a structure, and therefore avoided 
in the final LASground classification. 
 The parameters for LASclassify were left at the default settings. The parameters for the 
final, finer LASground classification were chosen based the experience gained analyzing the data 
output from the python script in the original experiment. Step was set at 2m, spike at 3m. It was 
shown that all top performing classifications produced by the python script used an offset of 0.20 
meters, maxing out the range. For this reason, this second experiment was performed once with 
an offset of 0.20m and again with an offset of 0.40m. 
A 50cm DEM and hillshade were produced from resulting classification, 
Area02_exp9.las, and were qualitatively compared to DEMs and hillshades derived from the 
manually classified control file and the best performing parameter combination produced by the 
python script using ArcGIS 10.1 and LP360. 
 This short experiment was only partially successful at improving the classification of 
structures on this test area. Roughly half of the structures missed by the python script’s best 
result were correctly classified using this iterative approach. It the opinion of the author that 
further tuning of the initial LASground classification parameters and the LASclassify parameters 
are needed to improve these results. 
This iterative “two classifications” approach, when compared with the best results of 
from the python script for the same test area, resulted in an improved performance on every 
previously identified difficult feature type, though this is not a surprising result. By focusing the 
first classification on removing structures, the second classification is free to use parameters 
targeted at the difficult areas. Both the tall berm and the low wall that proved troublesome for the 
first experiment showed substantial improvements. The majority of the berm was correctly 
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classified as ground, as opposed to previous experiment’s best result which resulted in much of 
the top half of the berm being classified as non-ground (see Figures 20 and 21).  
While this proposed “two classification” workflow adds numerous steps to the process, 
these steps could be automated with only a basic understanding of scripting. To the author’s 
knowledge, previous to this project there existed no published mention of LASGround being 
used in this way, successfully or not. Further research could successfully combine both 
workflows introduced into by this research.  
The python script produced for this research is intended as proof of concept, and 
improvements could be made in a few key areas. Selecting wider ranges for the parameters and 
smaller increments iterating over those ranges should allow the script to produce finer tuned 
parameter combinations. These changes will also negatively impact the computational 
complexity of the script, and therefore the computing power and time required to run it. This 
research was completed mostly on four-year-old Windows 7 workstation equipped with an Intel 
Core quad-core processor and 8gb of ram. With 550 classifications created by the script in its 
current form, at least 6 hours were needed to complete the processes. During this time, the 
workstation could not effectively be used for any other purpose, although further refinement of 
the script might be able to remove this requirement. Further refinement of the script could also 
produce a user interface, removing current the need for user to edit the code to change input and 
output file paths, parameter ranges, and iterations.  
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Area02 surface derived from parameters chosen by python script. 
Area02 surface derived from the iterative, two classification workflow. 
Area02 manually-classified control surface. 
Figure 24: A comparison of the effectiveness of each workflow at classifying structures in 
Area02, displayed in a combination of hillside and DEM surfaces. While more effective than 
then using the parameters chosen by the script alone (top), the iterative, two classification 
workflow (center) would still require manual classification to remove the structures from the 
surface. 
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Area02 surface derived from parameters chosen by python script. 
Area02 surface derived from the iterative, two classification workflow. 
Area02 manually-classified control surface. 
Figure 25: A comparison of the effectiveness of workflows at correctly classifying difficult 
features in Area02, displayed in a combination of hillshade and DEM surface. The iterative, 
two-classification workflow (center) outperformed the single classification using only the 
parameters chosen by the python script (top). The surface derived from this workflow is nearly 
indistinguishable from the manually-classified control surface. 
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6 CONCLUSIONS & IMPLICATIONS 
 The workflow and scripts developed here provide the user the ability to manually classify 
a small (but representative) portion of a study area, then automates the process of comparing that 
control classification to the examples produced by hundreds of combinations of parameters to 
find the combination that is near ideal for their entire study area.  
The effectiveness of algorithms that use the adaptive TIN method for classification, such 
as LAStools and TerraScan, have been shown to be highly dependent on the parameters they are 
given (Sithole and Vosselman 2005). Poorly chosen parameters can lead to DEMs that are not 
representative of the surface and require considerable manual cleaning to achieve the desired 
accuracy. Software packages such as LAStools come with prepackaged parameter sets that work 
well on many types of terrain, but can fail when exposed to difficult terrain with extreme 
discontinuities. In these cases, manual choosing parameters based on the terrain can improve 
results dramatically (LBI 2014). 
Logic would dictate that using a data-driven approach, project-specific parameters can be 
developed, but in practice this requires a high degree of knowledge of each parameter’s complex 
function, how parameters affect one another, as well as familiarity with the project data. Sithole 
and Vosselman (2004), compared the performance of multiple algorithms on reference datasets 
provided to the developers and found that “... even the participants did not always optimally tune 
their filter parameters.” For users without this specialized knowledge, selecting appropriate 
parameters can be fraught with errors, as well as time-consuming and one must keep in mind that 
the resulting choices are somewhat subjective (as a human eye determines whether one DEM 
preserves features of interest than another version of the DEM).  
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The script and workflow produced by this research provides a repeatable, automated 
method of choosing parameters that will reduce or remove the need for further manual 
classification of a point cloud in difficult terrain and remove the need for a highly experienced 
user, thus allowing a broader range of researchers to obtain accurate bare-earth classifications 
from increasingly available LiDAR data. 
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8 APPENDIX A – PYTHON SCRIPT 
Below is the python script produced for this thesis. Other than changes to the file paths and 
output file names, the scripts used for each test area were identical. Please refer to section 3.7 in 
this document for an explanation of how this script functions and section 3.8 for insight into 
choosing ranges for each parameter. 
 
from __future__ import division 
import subprocess 
 
### Set Input Files and Output Directory 
LASground_exe = "c:/projects/thesisdata/lastools/bin/lasground.exe" 
unclassifiedFilePath = "c:/projects/thesisdata/lasdata/01_unclassified/area02.laz" 
outputDir = "c:/projects/thesisdata/lasdata/Area02_output/" 
 
### Set Parameter Ranges 
step = range(1,11,1) 
spike = range(2,24,2) # divided by 10 to get decimals on line 33 
offset = range(4,24,4) # divide by 100 to get decimals on line 34 
 
### For counting purposes 
combinations = 0 
 
### Set Global Variables 
newDiff = "" 
 
### Create Results File 
with open("C:\\Projects\\ThesisData\\LASdata\\Area02_output\\Area02Results.txt", "a") as results_output: 
                    results_output.write("file_name,step,spike,offset,points_different\n") 
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### Run all possible combinations through LASground 
for a in step: 
    for b in spike: 
        for c in offset: 
            outputPath = outputDir + "Area02_" + str(combinations) + ".laz" 
            cmd = LASground_exe + " " 
            cmd = cmd + "-i " + unclassifiedFilePath + " " 
            cmd = cmd + "-step " + str(a) + " " 
            cmd = cmd + "-spike " + str(b/10) + " " 
            cmd = cmd + "-offset " + str(c/100) + " " 
            cmd = cmd + "-ultra_fine " 
            cmd = cmd + "-o " + outputPath 
            print "Current Process:" 
            print cmd 
            combinations += 1 
            subprocess.call(cmd) #Pass cmd string to command line 
            outputLAS = outputPath 
             
            ### Setup LASdiff.exe path and input file path 
            LASdiff_exe = "c:/projects/thesisdata/lastools/bin/lasdiff.exe" 
            inputFile = outputLAS #"c:/projects/thesisdata/lasdata/test/1_1_1_1.laz" 
            controlFile = "c:/projects/thesisdata/lasdata/ManuallyClassified/Area02_control.laz" 
 
            ### Creat LASdiff cmd string 
            LASdiff_cmd_str = LASdiff_exe + " -i " + inputFile + " -i " + controlFile + " -shutup 0" 
            print "Current Process :" 
            print LASdiff_cmd_str 
 
            ### Pass cmd string to cmd line 
            p = subprocess.Popen(LASdiff_cmd_str, stdout=subprocess.PIPE, stderr=subprocess.PIPE) 
 
            ### Retreive output from cmd line 
            output_str = str(p.communicate()) 
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            output_lst = output_str.split() 
             
            print 
            print output_lst 
            print 
             
            ### Set Varibles 
            outputDiff = output_lst[25] #location of # of ‘points different’ in LASdiff output, includes additions to 
header by LP360   
            newDiff = int(outputDiff[16:]) #cuts out all characters but integer of ‘points different’ 
             
            ### Write to CSV 
            results = inputFile + "," + str(a) + "," + str(b/10) + "," + str(c/100) + "," + str(newDiff) 
            with open("C:\\Projects\\ThesisData\\LASdata\\Area02_output\\Area02Results.txt", "a") as results_output: 
                results_output.write(results +"\n") 
            print 
            print "Results written to text file" 
            print 
            print results 
 
### Close results file 
print 
print "Operation completed, text file closed." 
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9 APPENDIX B – AREA02 RESULTS 
The following table contains the text output of the python script for test Area02. The script 
outputs these results to a text file in the comma separated value format, but they have been 
reformatted into a table here for legibility. The table is organized by “points_different,” smallest 
values to largest. This organization method was used to determine the most effective parameter 
combinations during this research. 
Table 7: Results generated by the python script for Area02. 
file_name step spike offset points_different percent_change 
Area02_164.laz 3 2.2 0.2 83206 2.94% 
Area02_159.laz 3 2 0.2 83318 2.95% 
Area02_104.laz 2 2 0.2 83903 2.97% 
Area02_99.laz 2 1.8 0.2 84149 2.98% 
Area02_154.laz 3 1.8 0.2 84226 2.98% 
Area02_109.laz 2 2.2 0.2 84382 2.98% 
Area02_94.laz 2 1.6 0.2 85124 3.01% 
Area02_149.laz 3 1.6 0.2 85341 3.02% 
Area02_89.laz 2 1.4 0.2 88548 3.13% 
Area02_144.laz 3 1.4 0.2 89601 3.17% 
Area02_219.laz 4 2.2 0.2 90711 3.21% 
Area02_214.laz 4 2 0.2 92874 3.29% 
Area02_209.laz 4 1.8 0.2 94617 3.35% 
Area02_163.laz 3 2.2 0.16 94778 3.35% 
Area02_158.laz 3 2 0.16 94949 3.36% 
Area02_84.laz 2 1.2 0.2 95061 3.36% 
Area02_103.laz 2 2 0.16 95789 3.39% 
Area02_153.laz 3 1.8 0.16 95847 3.39% 
Area02_108.laz 2 2.2 0.16 96165 3.40% 
Area02_98.laz 2 1.8 0.16 96277 3.41% 
Area02_93.laz 2 1.6 0.16 97029 3.43% 
Area02_148.laz 3 1.6 0.16 97218 3.44% 
Area02_204.laz 4 1.6 0.2 99024 3.50% 
Area02_139.laz 3 1.2 0.2 99445 3.52% 
Area02_88.laz 2 1.4 0.16 100152 3.54% 
Area02_143.laz 3 1.4 0.16 102176 3.61% 
Area02_274.laz 5 2.2 0.2 102607 3.63% 
Area02_39.laz 1 1.6 0.2 104434 3.69% 
Area02_44.laz 1 1.8 0.2 104691 3.70% 
Area02_49.laz 1 2 0.2 105225 3.72% 
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Area02_54.laz 1 2.2 0.2 105904 3.75% 
Area02_83.laz 2 1.2 0.16 105949 3.75% 
Area02_34.laz 1 1.4 0.2 106727 3.78% 
Area02_269.laz 5 2 0.2 106759 3.78% 
Area02_199.laz 4 1.4 0.2 108466 3.84% 
Area02_79.laz 2 1 0.2 108509 3.84% 
Area02_218.laz 4 2.2 0.16 108607 3.84% 
Area02_213.laz 4 2 0.16 110341 3.90% 
Area02_264.laz 5 1.8 0.2 110868 3.92% 
Area02_138.laz 3 1.2 0.16 110896 3.92% 
Area02_162.laz 3 2.2 0.12 111795 3.95% 
Area02_329.laz 6 2.2 0.2 111923 3.96% 
Area02_157.laz 3 2 0.12 112116 3.97% 
Area02_208.laz 4 1.8 0.16 112121 3.97% 
Area02_384.laz 7 2.2 0.2 112330 3.97% 
Area02_134.laz 3 1 0.2 113088 4.00% 
Area02_152.laz 3 1.8 0.12 113197 4.00% 
Area02_379.laz 7 2 0.2 113794 4.03% 
Area02_29.laz 1 1.2 0.2 114061 4.03% 
Area02_324.laz 6 2 0.2 114063 4.03% 
Area02_147.laz 3 1.6 0.12 114419 4.05% 
Area02_203.laz 4 1.6 0.16 116492 4.12% 
Area02_439.laz 8 2.2 0.2 116515 4.12% 
Area02_259.laz 5 1.6 0.2 116710 4.13% 
Area02_194.laz 4 1.2 0.2 116841 4.13% 
Area02_319.laz 6 1.8 0.2 118008 4.17% 
Area02_78.laz 2 1 0.16 118260 4.18% 
Area02_374.laz 7 1.8 0.2 118913 4.21% 
Area02_434.laz 8 2 0.2 119825 4.24% 
Area02_142.laz 3 1.4 0.12 120290 4.25% 
Area02_102.laz 2 2 0.12 120819 4.27% 
Area02_107.laz 2 2.2 0.12 121192 4.29% 
Area02_97.laz 2 1.8 0.12 121352 4.29% 
Area02_429.laz 8 1.8 0.2 121790 4.31% 
Area02_92.laz 2 1.6 0.12 121978 4.31% 
Area02_133.laz 3 1 0.16 123111 4.35% 
Area02_314.laz 6 1.6 0.2 123519 4.37% 
Area02_369.laz 7 1.6 0.2 124596 4.41% 
Area02_87.laz 2 1.4 0.12 124685 4.41% 
Area02_273.laz 5 2.2 0.16 125393 4.44% 
Area02_198.laz 4 1.4 0.16 126793 4.48% 
Area02_254.laz 5 1.4 0.2 127137 4.50% 
Area02_494.laz 9 2.2 0.2 127179 4.50% 
Area02_424.laz 8 1.6 0.2 127291 4.50% 
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Area02_137.laz 3 1.2 0.12 127625 4.51% 
Area02_74.laz 2 0.8 0.2 129550 4.58% 
Area02_82.laz 2 1.2 0.12 129794 4.59% 
Area02_268.laz 5 2 0.16 130015 4.60% 
Area02_489.laz 9 2 0.2 130693 4.62% 
Area02_309.laz 6 1.4 0.2 132626 4.69% 
Area02_263.laz 5 1.8 0.16 133330 4.72% 
Area02_38.laz 1 1.6 0.16 133425 4.72% 
Area02_43.laz 1 1.8 0.16 133789 4.73% 
Area02_364.laz 7 1.4 0.2 133948 4.74% 
Area02_24.laz 1 1 0.2 133971 4.74% 
Area02_48.laz 1 2 0.16 134397 4.75% 
Area02_484.laz 9 1.8 0.2 134910 4.77% 
Area02_217.laz 4 2.2 0.12 134941 4.77% 
Area02_33.laz 1 1.4 0.16 135084 4.78% 
Area02_129.laz 3 0.8 0.2 135100 4.78% 
Area02_53.laz 1 2.2 0.16 135113 4.78% 
Area02_328.laz 6 2.2 0.16 135193 4.78% 
Area02_193.laz 4 1.2 0.16 135992 4.81% 
Area02_383.laz 7 2.2 0.16 136025 4.81% 
Area02_212.laz 4 2 0.12 136126 4.81% 
Area02_419.laz 8 1.4 0.2 136367 4.82% 
Area02_323.laz 6 2 0.16 137013 4.85% 
Area02_161.laz 3 2.2 0.08 137353 4.86% 
Area02_156.laz 3 2 0.08 137741 4.87% 
Area02_207.laz 4 1.8 0.12 137852 4.88% 
Area02_73.laz 2 0.8 0.16 138059 4.88% 
Area02_378.laz 7 2 0.16 138579 4.90% 
Area02_479.laz 9 1.6 0.2 138687 4.91% 
Area02_132.laz 3 1 0.12 138704 4.91% 
Area02_151.laz 3 1.8 0.08 138778 4.91% 
Area02_549.laz 10 2.2 0.2 139119 4.92% 
Area02_258.laz 5 1.6 0.16 139588 4.94% 
Area02_77.laz 2 1 0.12 140344 4.96% 
Area02_249.laz 5 1.2 0.2 140474 4.97% 
Area02_146.laz 3 1.6 0.08 140587 4.97% 
Area02_28.laz 1 1.2 0.16 140791 4.98% 
Area02_438.laz 8 2.2 0.16 141011 4.99% 
Area02_189.laz 4 1 0.2 141128 4.99% 
Area02_544.laz 10 2 0.2 142714 5.05% 
Area02_202.laz 4 1.6 0.12 142903 5.05% 
Area02_373.laz 7 1.8 0.16 143130 5.06% 
Area02_304.laz 6 1.2 0.2 143165 5.06% 
Area02_318.laz 6 1.8 0.16 144037 5.09% 
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Area02_433.laz 8 2 0.16 144582 5.11% 
Area02_128.laz 3 0.8 0.16 144661 5.12% 
Area02_474.laz 9 1.4 0.2 145663 5.15% 
Area02_539.laz 10 1.8 0.2 145664 5.15% 
Area02_141.laz 3 1.4 0.08 146775 5.19% 
Area02_359.laz 7 1.2 0.2 146847 5.19% 
Area02_428.laz 8 1.8 0.16 146886 5.20% 
Area02_368.laz 7 1.6 0.16 148732 5.26% 
Area02_253.laz 5 1.4 0.16 148911 5.27% 
Area02_313.laz 6 1.6 0.16 149708 5.30% 
Area02_534.laz 10 1.6 0.2 149895 5.30% 
Area02_414.laz 8 1.2 0.2 150488 5.32% 
Area02_493.laz 9 2.2 0.16 152289 5.39% 
Area02_423.laz 8 1.6 0.16 152324 5.39% 
Area02_197.laz 4 1.4 0.12 152761 5.40% 
Area02_136.laz 3 1.2 0.08 153314 5.42% 
Area02_488.laz 9 2 0.16 155946 5.52% 
Area02_529.laz 10 1.4 0.2 156299 5.53% 
Area02_308.laz 6 1.4 0.16 157095 5.56% 
Area02_469.laz 9 1.2 0.2 157424 5.57% 
Area02_23.laz 1 1 0.16 157749 5.58% 
Area02_72.laz 2 0.8 0.12 158224 5.60% 
Area02_363.laz 7 1.4 0.16 159282 5.63% 
Area02_483.laz 9 1.8 0.16 159611 5.65% 
Area02_272.laz 5 2.2 0.12 160592 5.68% 
Area02_188.laz 4 1 0.16 161169 5.70% 
Area02_418.laz 8 1.4 0.16 161308 5.71% 
Area02_127.laz 3 0.8 0.12 161338 5.71% 
Area02_248.laz 5 1.2 0.16 162445 5.75% 
Area02_478.laz 9 1.6 0.16 163743 5.79% 
Area02_131.laz 3 1 0.08 163949 5.80% 
Area02_192.laz 4 1.2 0.12 164329 5.81% 
Area02_267.laz 5 2 0.12 164342 5.81% 
Area02_244.laz 5 1 0.2 166308 5.88% 
Area02_524.laz 10 1.2 0.2 166328 5.88% 
Area02_548.laz 10 2.2 0.16 166666 5.90% 
Area02_303.laz 6 1.2 0.16 168019 5.94% 
Area02_262.laz 5 1.8 0.12 168029 5.94% 
Area02_354.laz 7 1 0.2 168596 5.96% 
Area02_19.laz 1 0.8 0.2 169721 6.00% 
Area02_358.laz 7 1.2 0.16 170092 6.02% 
Area02_299.laz 6 1 0.2 170258 6.02% 
Area02_327.laz 6 2.2 0.12 170462 6.03% 
Area02_543.laz 10 2 0.16 170865 6.04% 
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Area02_473.laz 9 1.4 0.16 171080 6.05% 
Area02_382.laz 7 2.2 0.12 171458 6.06% 
Area02_184.laz 4 0.8 0.2 171780 6.08% 
Area02_216.laz 4 2.2 0.08 171922 6.08% 
Area02_322.laz 6 2 0.12 172050 6.09% 
Area02_409.laz 8 1 0.2 172421 6.10% 
Area02_211.laz 4 2 0.08 173022 6.12% 
Area02_538.laz 10 1.8 0.16 173404 6.13% 
Area02_377.laz 7 2 0.12 173750 6.15% 
Area02_413.laz 8 1.2 0.16 174081 6.16% 
Area02_257.laz 5 1.6 0.12 174762 6.18% 
Area02_206.laz 4 1.8 0.08 175298 6.20% 
Area02_464.laz 9 1 0.2 176566 6.25% 
Area02_101.laz 2 2 0.08 176732 6.25% 
Area02_106.laz 2 2.2 0.08 177044 6.26% 
Area02_96.laz 2 1.8 0.08 177383 6.27% 
Area02_437.laz 8 2.2 0.12 177797 6.29% 
Area02_91.laz 2 1.6 0.08 177935 6.29% 
Area02_533.laz 10 1.6 0.16 178137 6.30% 
Area02_372.laz 7 1.8 0.12 178321 6.31% 
Area02_317.laz 6 1.8 0.12 179473 6.35% 
Area02_86.laz 2 1.4 0.08 180464 6.38% 
Area02_201.laz 4 1.6 0.08 180969 6.40% 
Area02_432.laz 8 2 0.12 181001 6.40% 
Area02_468.laz 9 1.2 0.16 181228 6.41% 
Area02_252.laz 5 1.4 0.12 182416 6.45% 
Area02_528.laz 10 1.4 0.16 184013 6.51% 
Area02_427.laz 8 1.8 0.12 184014 6.51% 
Area02_312.laz 6 1.6 0.12 184411 6.52% 
Area02_81.laz 2 1.2 0.08 184955 6.54% 
Area02_367.laz 7 1.6 0.12 185078 6.55% 
Area02_126.laz 3 0.8 0.08 185330 6.56% 
Area02_519.laz 10 1 0.2 186358 6.59% 
Area02_187.laz 4 1 0.12 187635 6.64% 
Area02_243.laz 5 1 0.16 188178 6.66% 
Area02_492.laz 9 2.2 0.12 188774 6.68% 
Area02_183.laz 4 0.8 0.16 188987 6.68% 
Area02_196.laz 4 1.4 0.08 189654 6.71% 
Area02_18.laz 1 0.8 0.16 189686 6.71% 
Area02_422.laz 8 1.6 0.12 190134 6.73% 
Area02_353.laz 7 1 0.16 191914 6.79% 
Area02_307.laz 6 1.4 0.12 192275 6.80% 
Area02_487.laz 9 2 0.12 192947 6.82% 
Area02_298.laz 6 1 0.16 193237 6.84% 
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Area02_523.laz 10 1.2 0.16 194150 6.87% 
Area02_408.laz 8 1 0.16 194212 6.87% 
Area02_362.laz 7 1.4 0.12 194390 6.88% 
Area02_76.laz 2 1 0.08 194552 6.88% 
Area02_247.laz 5 1.2 0.12 195977 6.93% 
Area02_482.laz 9 1.8 0.12 196201 6.94% 
Area02_160.laz 3 2.2 0.04 197366 6.98% 
Area02_155.laz 3 2 0.04 197710 6.99% 
Area02_463.laz 9 1 0.16 197734 6.99% 
Area02_239.laz 5 0.8 0.2 197867 7.00% 
Area02_417.laz 8 1.4 0.12 198261 7.01% 
Area02_150.laz 3 1.8 0.04 198835 7.03% 
Area02_37.laz 1 1.6 0.12 199441 7.05% 
Area02_477.laz 9 1.6 0.12 199880 7.07% 
Area02_42.laz 1 1.8 0.12 200006 7.07% 
Area02_32.laz 1 1.4 0.12 200298 7.08% 
Area02_47.laz 1 2 0.12 200633 7.10% 
Area02_145.laz 3 1.6 0.04 200669 7.10% 
Area02_294.laz 6 0.8 0.2 200722 7.10% 
Area02_52.laz 1 2.2 0.12 201374 7.12% 
Area02_349.laz 7 0.8 0.2 202384 7.16% 
Area02_302.laz 6 1.2 0.12 203123 7.18% 
Area02_404.laz 8 0.8 0.2 203197 7.19% 
Area02_191.laz 4 1.2 0.08 203541 7.20% 
Area02_27.laz 1 1.2 0.12 204110 7.22% 
Area02_547.laz 10 2.2 0.12 204180 7.22% 
Area02_357.laz 7 1.2 0.12 205408 7.27% 
Area02_140.laz 3 1.4 0.04 206489 7.30% 
Area02_459.laz 9 0.8 0.2 206801 7.31% 
Area02_124.laz 3 0.6 0.2 207274 7.33% 
Area02_472.laz 9 1.4 0.12 207393 7.34% 
Area02_542.laz 10 2 0.12 207580 7.34% 
Area02_271.laz 5 2.2 0.08 208539 7.38% 
Area02_71.laz 2 0.8 0.08 208928 7.39% 
Area02_518.laz 10 1 0.16 210684 7.45% 
Area02_412.laz 8 1.2 0.12 210904 7.46% 
Area02_537.laz 10 1.8 0.12 210907 7.46% 
Area02_182.laz 4 0.8 0.12 212171 7.50% 
Area02_266.laz 5 2 0.08 212202 7.51% 
Area02_514.laz 10 0.8 0.2 212396 7.51% 
Area02_69.laz 2 0.6 0.2 212434 7.51% 
Area02_135.laz 3 1.2 0.04 213246 7.54% 
Area02_467.laz 9 1.2 0.12 215192 7.61% 
Area02_123.laz 3 0.6 0.16 215484 7.62% 
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Area02_532.laz 10 1.6 0.12 215487 7.62% 
Area02_261.laz 5 1.8 0.08 216040 7.64% 
Area02_22.laz 1 1 0.12 216427 7.66% 
Area02_238.laz 5 0.8 0.16 217650 7.70% 
Area02_326.laz 6 2.2 0.08 218509 7.73% 
Area02_68.laz 2 0.6 0.16 218619 7.73% 
Area02_242.laz 5 1 0.12 220051 7.78% 
Area02_293.laz 6 0.8 0.16 220060 7.78% 
Area02_321.laz 6 2 0.08 220370 7.79% 
Area02_527.laz 10 1.4 0.12 220473 7.80% 
Area02_381.laz 7 2.2 0.08 221711 7.84% 
Area02_403.laz 8 0.8 0.16 221985 7.85% 
Area02_256.laz 5 1.6 0.08 222382 7.87% 
Area02_348.laz 7 0.8 0.16 222546 7.87% 
Area02_376.laz 7 2 0.08 224234 7.93% 
Area02_186.laz 4 1 0.08 225179 7.96% 
Area02_130.laz 3 1 0.04 225401 7.97% 
Area02_458.laz 9 0.8 0.16 226250 8.00% 
Area02_297.laz 6 1 0.12 226881 8.03% 
Area02_352.laz 7 1 0.12 227217 8.04% 
Area02_122.laz 3 0.6 0.12 227940 8.06% 
Area02_316.laz 6 1.8 0.08 228155 8.07% 
Area02_436.laz 8 2.2 0.08 228593 8.09% 
Area02_371.laz 7 1.8 0.08 228696 8.09% 
Area02_407.laz 8 1 0.12 229683 8.12% 
Area02_251.laz 5 1.4 0.08 229684 8.12% 
Area02_522.laz 10 1.2 0.12 229920 8.13% 
Area02_462.laz 9 1 0.12 231472 8.19% 
Area02_431.laz 8 2 0.08 231823 8.20% 
Area02_311.laz 6 1.6 0.08 233023 8.24% 
Area02_67.laz 2 0.6 0.12 233255 8.25% 
Area02_426.laz 8 1.8 0.08 234561 8.30% 
Area02_366.laz 7 1.6 0.08 235868 8.34% 
Area02_513.laz 10 0.8 0.16 235993 8.35% 
Area02_306.laz 6 1.4 0.08 239922 8.49% 
Area02_421.laz 8 1.6 0.08 241183 8.53% 
Area02_215.laz 4 2.2 0.04 241742 8.55% 
Area02_17.laz 1 0.8 0.12 242242 8.57% 
Area02_491.laz 9 2.2 0.08 242707 8.58% 
Area02_210.laz 4 2 0.04 243177 8.60% 
Area02_246.laz 5 1.2 0.08 243517 8.61% 
Area02_361.laz 7 1.4 0.08 244558 8.65% 
Area02_517.laz 10 1 0.12 244934 8.66% 
Area02_205.laz 4 1.8 0.04 245284 8.68% 
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Area02_486.laz 9 2 0.08 245285 8.68% 
Area02_181.laz 4 0.8 0.08 245585 8.69% 
Area02_125.laz 3 0.8 0.04 246796 8.73% 
Area02_121.laz 3 0.6 0.08 247573 8.76% 
Area02_237.laz 5 0.8 0.12 248049 8.77% 
Area02_416.laz 8 1.4 0.08 249346 8.82% 
Area02_481.laz 9 1.8 0.08 249703 8.83% 
Area02_200.laz 4 1.6 0.04 250904 8.87% 
Area02_292.laz 6 0.8 0.12 251487 8.90% 
Area02_301.laz 6 1.2 0.08 252161 8.92% 
Area02_476.laz 9 1.6 0.08 253332 8.96% 
Area02_347.laz 7 0.8 0.12 253766 8.98% 
Area02_179.laz 4 0.6 0.2 253916 8.98% 
Area02_402.laz 8 0.8 0.12 254878 9.02% 
Area02_546.laz 10 2.2 0.08 255210 9.03% 
Area02_356.laz 7 1.2 0.08 256188 9.06% 
Area02_457.laz 9 0.8 0.12 257481 9.11% 
Area02_541.laz 10 2 0.08 258419 9.14% 
Area02_195.laz 4 1.4 0.04 259027 9.16% 
Area02_411.laz 8 1.2 0.08 261048 9.23% 
Area02_536.laz 10 1.8 0.08 261070 9.23% 
Area02_471.laz 9 1.4 0.08 261237 9.24% 
Area02_178.laz 4 0.6 0.16 264980 9.37% 
Area02_531.laz 10 1.6 0.08 265570 9.39% 
Area02_241.laz 5 1 0.08 266942 9.44% 
Area02_512.laz 10 0.8 0.12 267582 9.46% 
Area02_466.laz 9 1.2 0.08 268610 9.50% 
Area02_526.laz 10 1.4 0.08 270500 9.57% 
Area02_66.laz 2 0.6 0.08 273340 9.67% 
Area02_190.laz 4 1.2 0.04 274482 9.71% 
Area02_296.laz 6 1 0.08 275974 9.76% 
Area02_351.laz 7 1 0.08 277056 9.80% 
Area02_234.laz 5 0.6 0.2 279326 9.88% 
Area02_521.laz 10 1.2 0.08 279650 9.89% 
Area02_406.laz 8 1 0.08 281746 9.97% 
Area02_461.laz 9 1 0.08 282403 9.99% 
Area02_289.laz 6 0.6 0.2 283551 10.03% 
Area02_177.laz 4 0.6 0.12 283998 10.05% 
Area02_344.laz 7 0.6 0.2 284345 10.06% 
Area02_399.laz 8 0.6 0.2 287579 10.17% 
Area02_509.laz 10 0.6 0.2 289174 10.23% 
Area02_454.laz 9 0.6 0.2 289334 10.23% 
Area02_270.laz 5 2.2 0.04 290415 10.27% 
Area02_236.laz 5 0.8 0.08 291998 10.33% 
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Area02_233.laz 5 0.6 0.16 292869 10.36% 
Area02_185.laz 4 1 0.04 293568 10.38% 
Area02_265.laz 5 2 0.04 293780 10.39% 
Area02_516.laz 10 1 0.08 294427 10.41% 
Area02_291.laz 6 0.8 0.08 297245 10.51% 
Area02_260.laz 5 1.8 0.04 297549 10.52% 
Area02_288.laz 6 0.6 0.16 298048 10.54% 
Area02_343.laz 7 0.6 0.16 298231 10.55% 
Area02_120.laz 3 0.6 0.04 300720 10.64% 
Area02_346.laz 7 0.8 0.08 300875 10.64% 
Area02_398.laz 8 0.6 0.16 302995 10.72% 
Area02_325.laz 6 2.2 0.04 303143 10.72% 
Area02_255.laz 5 1.6 0.04 304161 10.76% 
Area02_453.laz 9 0.6 0.16 304656 10.78% 
Area02_320.laz 6 2 0.04 304750 10.78% 
Area02_456.laz 9 0.8 0.08 304936 10.79% 
Area02_401.laz 8 0.8 0.08 305494 10.81% 
Area02_14.laz 1 0.6 0.2 306532 10.84% 
Area02_380.laz 7 2.2 0.04 306932 10.86% 
Area02_100.laz 2 2 0.04 307224 10.87% 
Area02_508.laz 10 0.6 0.16 307519 10.88% 
Area02_105.laz 2 2.2 0.04 307520 10.88% 
Area02_95.laz 2 1.8 0.04 307709 10.88% 
Area02_90.laz 2 1.6 0.04 308125 10.90% 
Area02_375.laz 7 2 0.04 309479 10.95% 
Area02_85.laz 2 1.4 0.04 310185 10.97% 
Area02_176.laz 4 0.6 0.08 311113 11.00% 
Area02_250.laz 5 1.4 0.04 311521 11.02% 
Area02_315.laz 6 1.8 0.04 312414 11.05% 
Area02_370.laz 7 1.8 0.04 313954 11.10% 
Area02_511.laz 10 0.8 0.08 314399 11.12% 
Area02_80.laz 2 1.2 0.04 314664 11.13% 
Area02_232.laz 5 0.6 0.12 315250 11.15% 
Area02_180.laz 4 0.8 0.04 315319 11.15% 
Area02_310.laz 6 1.6 0.04 316893 11.21% 
Area02_435.laz 8 2.2 0.04 318105 11.25% 
Area02_13.laz 1 0.6 0.16 319714 11.31% 
Area02_430.laz 8 2 0.04 320173 11.32% 
Area02_365.laz 7 1.6 0.04 320178 11.33% 
Area02_287.laz 6 0.6 0.12 322231 11.40% 
Area02_425.laz 8 1.8 0.04 324102 11.46% 
Area02_305.laz 6 1.4 0.04 324119 11.46% 
Area02_75.laz 2 1 0.04 324477 11.48% 
Area02_342.laz 7 0.6 0.12 324593 11.48% 
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Area02_245.laz 5 1.2 0.04 324880 11.49% 
Area02_397.laz 8 0.6 0.12 328536 11.62% 
Area02_360.laz 7 1.4 0.04 328933 11.63% 
Area02_420.laz 8 1.6 0.04 329315 11.65% 
Area02_452.laz 9 0.6 0.12 330162 11.68% 
Area02_507.laz 10 0.6 0.12 331413 11.72% 
Area02_490.laz 9 2.2 0.04 332539 11.76% 
Area02_485.laz 9 2 0.04 336008 11.89% 
Area02_300.laz 6 1.2 0.04 336155 11.89% 
Area02_415.laz 8 1.4 0.04 337528 11.94% 
Area02_70.laz 2 0.8 0.04 338371 11.97% 
Area02_480.laz 9 1.8 0.04 339814 12.02% 
Area02_36.laz 1 1.6 0.08 341442 12.08% 
Area02_355.laz 7 1.2 0.04 341576 12.08% 
Area02_31.laz 1 1.4 0.08 341683 12.09% 
Area02_41.laz 1 1.8 0.08 342088 12.10% 
Area02_46.laz 1 2 0.08 342754 12.12% 
Area02_475.laz 9 1.6 0.04 343271 12.14% 
Area02_51.laz 1 2.2 0.08 343495 12.15% 
Area02_26.laz 1 1.2 0.08 343595 12.15% 
Area02_240.laz 5 1 0.04 345744 12.23% 
Area02_545.laz 10 2.2 0.04 347049 12.28% 
Area02_410.laz 8 1.2 0.04 348494 12.33% 
Area02_470.laz 9 1.4 0.04 349764 12.37% 
Area02_21.laz 1 1 0.08 350594 12.40% 
Area02_540.laz 10 2 0.04 350602 12.40% 
Area02_231.laz 5 0.6 0.08 351540 12.43% 
Area02_535.laz 10 1.8 0.04 352819 12.48% 
Area02_12.laz 1 0.6 0.12 356542 12.61% 
Area02_530.laz 10 1.6 0.04 356604 12.61% 
Area02_465.laz 9 1.2 0.04 356999 12.63% 
Area02_286.laz 6 0.6 0.08 359404 12.71% 
Area02_350.laz 7 1 0.04 360152 12.74% 
Area02_525.laz 10 1.4 0.04 360456 12.75% 
Area02_295.laz 6 1 0.04 360695 12.76% 
Area02_341.laz 7 0.6 0.08 362597 12.83% 
Area02_396.laz 8 0.6 0.08 367272 12.99% 
Area02_16.laz 1 0.8 0.08 367354 12.99% 
Area02_405.laz 8 1 0.04 367808 13.01% 
Area02_520.laz 10 1.2 0.04 369147 13.06% 
Area02_175.laz 4 0.6 0.04 369746 13.08% 
Area02_451.laz 9 0.6 0.08 370095 13.09% 
Area02_460.laz 9 1 0.04 370153 13.09% 
Area02_235.laz 5 0.8 0.04 371247 13.13% 
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Area02_506.laz 10 0.6 0.08 371823 13.15% 
Area02_290.laz 6 0.8 0.04 379801 13.43% 
Area02_345.laz 7 0.8 0.04 382994 13.55% 
Area02_515.laz 10 1 0.04 384065 13.58% 
Area02_65.laz 2 0.6 0.04 388954 13.76% 
Area02_455.laz 9 0.8 0.04 390748 13.82% 
Area02_400.laz 8 0.8 0.04 391210 13.84% 
Area02_510.laz 10 0.8 0.04 402502 14.24% 
Area02_119.laz 3 0.4 0.2 413813 14.64% 
Area02_118.laz 3 0.4 0.16 420724 14.88% 
Area02_230.laz 5 0.6 0.04 421840 14.92% 
Area02_117.laz 3 0.4 0.12 430145 15.21% 
Area02_285.laz 6 0.6 0.04 432269 15.29% 
Area02_64.laz 2 0.4 0.2 437929 15.49% 
Area02_340.laz 7 0.6 0.04 438226 15.50% 
Area02_395.laz 8 0.6 0.04 442879 15.67% 
Area02_63.laz 2 0.4 0.16 443122 15.67% 
Area02_116.laz 3 0.4 0.08 443880 15.70% 
Area02_450.laz 9 0.6 0.04 448807 15.87% 
Area02_505.laz 10 0.6 0.04 452493 16.01% 
Area02_62.laz 2 0.4 0.12 453553 16.04% 
Area02_11.laz 1 0.6 0.08 454980 16.09% 
Area02_174.laz 4 0.4 0.2 457382 16.18% 
Area02_173.laz 4 0.4 0.16 465462 16.46% 
Area02_115.laz 3 0.4 0.04 477262 16.88% 
Area02_172.laz 4 0.4 0.12 478188 16.91% 
Area02_61.laz 2 0.4 0.08 481146 17.02% 
Area02_229.laz 5 0.4 0.2 484593 17.14% 
Area02_284.laz 6 0.4 0.2 487156 17.23% 
Area02_339.laz 7 0.4 0.2 487359 17.24% 
Area02_394.laz 8 0.4 0.2 489554 17.32% 
Area02_449.laz 9 0.4 0.2 491688 17.39% 
Area02_228.laz 5 0.4 0.16 494606 17.49% 
Area02_283.laz 6 0.4 0.16 497070 17.58% 
Area02_504.laz 10 0.4 0.2 497509 17.60% 
Area02_171.laz 4 0.4 0.08 497666 17.60% 
Area02_338.laz 7 0.4 0.16 498839 17.64% 
Area02_393.laz 8 0.4 0.16 500451 17.70% 
Area02_448.laz 9 0.4 0.16 503986 17.83% 
Area02_227.laz 5 0.4 0.12 510356 18.05% 
Area02_503.laz 10 0.4 0.16 510425 18.05% 
Area02_282.laz 6 0.4 0.12 513037 18.15% 
Area02_337.laz 7 0.4 0.12 515898 18.25% 
Area02_392.laz 8 0.4 0.12 518707 18.35% 
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Area02_447.laz 9 0.4 0.12 520901 18.43% 
Area02_502.laz 10 0.4 0.12 529709 18.74% 
Area02_226.laz 5 0.4 0.08 536551 18.98% 
Area02_170.laz 4 0.4 0.04 538610 19.05% 
Area02_281.laz 6 0.4 0.08 541353 19.15% 
Area02_336.laz 7 0.4 0.08 542962 19.21% 
Area02_391.laz 8 0.4 0.08 548751 19.41% 
Area02_446.laz 9 0.4 0.08 551914 19.52% 
Area02_501.laz 10 0.4 0.08 559608 19.79% 
Area02_60.laz 2 0.4 0.04 565076 19.99% 
Area02_9.laz 1 0.4 0.2 568561 20.11% 
Area02_8.laz 1 0.4 0.16 577570 20.43% 
Area02_225.laz 5 0.4 0.04 587728 20.79% 
Area02_30.laz 1 1.4 0.04 592264 20.95% 
Area02_35.laz 1 1.6 0.04 592562 20.96% 
Area02_25.laz 1 1.2 0.04 592840 20.97% 
Area02_40.laz 1 1.8 0.04 593385 20.99% 
Area02_45.laz 1 2 0.04 594179 21.02% 
Area02_50.laz 1 2.2 0.04 594936 21.04% 
Area02_20.laz 1 1 0.04 596068 21.08% 
Area02_280.laz 6 0.4 0.04 596872 21.11% 
Area02_335.laz 7 0.4 0.04 600237 21.23% 
Area02_7.laz 1 0.4 0.12 602603 21.31% 
Area02_15.laz 1 0.8 0.04 604312 21.38% 
Area02_390.laz 8 0.4 0.04 607562 21.49% 
Area02_445.laz 9 0.4 0.04 612130 21.65% 
Area02_500.laz 10 0.4 0.04 624310 22.08% 
Area02_10.laz 1 0.6 0.04 658589 23.30% 
Area02_6.laz 1 0.4 0.08 667991 23.63% 
Area02_5.laz 1 0.4 0.04 812585 28.74% 
Area02_4.laz 1 0.2 0.2 1060904 37.53% 
Area02_3.laz 1 0.2 0.16 1068806 37.81% 
Area02_2.laz 1 0.2 0.12 1083200 38.31% 
Area02_1.laz 1 0.2 0.08 1115229 39.45% 
Area02_59.laz 2 0.2 0.2 1177195 41.64% 
Area02_0.laz 1 0.2 0.04 1178292 41.68% 
Area02_58.laz 2 0.2 0.16 1179747 41.73% 
Area02_114.laz 3 0.2 0.2 1183714 41.87% 
Area02_57.laz 2 0.2 0.12 1186182 41.96% 
Area02_113.laz 3 0.2 0.16 1186976 41.99% 
Area02_112.laz 3 0.2 0.12 1192406 42.18% 
Area02_111.laz 3 0.2 0.08 1200942 42.48% 
Area02_56.laz 2 0.2 0.08 1202378 42.53% 
Area02_169.laz 4 0.2 0.2 1209685 42.79% 
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Area02_168.laz 4 0.2 0.16 1214090 42.94% 
Area02_110.laz 3 0.2 0.04 1218944 43.12% 
Area02_167.laz 4 0.2 0.12 1221090 43.19% 
Area02_224.laz 5 0.2 0.2 1226129 43.37% 
Area02_279.laz 6 0.2 0.2 1228751 43.46% 
Area02_389.laz 8 0.2 0.2 1230264 43.52% 
Area02_334.laz 7 0.2 0.2 1230598 43.53% 
Area02_223.laz 5 0.2 0.16 1230738 43.53% 
Area02_166.laz 4 0.2 0.08 1232584 43.60% 
Area02_278.laz 6 0.2 0.16 1233625 43.64% 
Area02_444.laz 9 0.2 0.2 1233752 43.64% 
Area02_333.laz 7 0.2 0.16 1235191 43.69% 
Area02_388.laz 8 0.2 0.16 1235669 43.71% 
Area02_499.laz 10 0.2 0.2 1236943 43.75% 
Area02_222.laz 5 0.2 0.12 1237330 43.77% 
Area02_443.laz 9 0.2 0.16 1239682 43.85% 
Area02_277.laz 6 0.2 0.12 1241480 43.91% 
Area02_332.laz 7 0.2 0.12 1243524 43.99% 
Area02_498.laz 10 0.2 0.16 1244964 44.04% 
Area02_55.laz 2 0.2 0.04 1245404 44.05% 
Area02_387.laz 8 0.2 0.12 1245645 44.06% 
Area02_442.laz 9 0.2 0.12 1249736 44.20% 
Area02_221.laz 5 0.2 0.08 1250739 44.24% 
Area02_165.laz 4 0.2 0.04 1253903 44.35% 
Area02_276.laz 6 0.2 0.08 1256975 44.46% 
Area02_497.laz 10 0.2 0.12 1257372 44.48% 
Area02_331.laz 7 0.2 0.08 1259979 44.57% 
Area02_386.laz 8 0.2 0.08 1263564 44.69% 
Area02_441.laz 9 0.2 0.08 1267478 44.83% 
Area02_220.laz 5 0.2 0.04 1277202 45.18% 
Area02_496.laz 10 0.2 0.08 1277251 45.18% 
Area02_275.laz 6 0.2 0.04 1285978 45.49% 
Area02_330.laz 7 0.2 0.04 1290016 45.63% 
Area02_385.laz 8 0.2 0.04 1295815 45.83% 
Area02_440.laz 9 0.2 0.04 1301730 46.04% 
Area02_495.laz 10 0.2 0.04 1315958 46.55% 
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10 APPENDIX C – AREA03 RESULTS 
The following table contains the text output of the python script for test Area03. The script 
outputs these results to a text file in the comma separated value format, but they have been 
reformatted into a table here for legibility. The table is organized by “points_different,” smallest 
values to largest. This organization method was used to determine the most effective parameter 
combinations during this research. 
Table 8: Results from generated by the python script for Area03. 
file_name step spike offset points_different percent_change 
Area03_94.laz 2 1.6 0.2 73586 4.58% 
Area03_89.laz 2 1.4 0.2 73846 4.60% 
Area03_99.laz 2 1.8 0.2 74211 4.62% 
Area03_104.laz 2 2 0.2 75193 4.68% 
Area03_109.laz 2 2.2 0.2 75675 4.71% 
Area03_84.laz 2 1.2 0.2 75767 4.72% 
Area03_164.laz 3 2.2 0.2 78645 4.90% 
Area03_159.laz 3 2 0.2 79685 4.96% 
Area03_154.laz 3 1.8 0.2 79693 4.96% 
Area03_93.laz 2 1.6 0.16 79948 4.98% 
Area03_98.laz 2 1.8 0.16 80060 4.98% 
Area03_149.laz 3 1.6 0.2 80175 4.99% 
Area03_29.laz 1 1.2 0.2 80182 4.99% 
Area03_34.laz 1 1.4 0.2 80462 5.01% 
Area03_103.laz 2 2 0.16 80573 5.02% 
Area03_88.laz 2 1.4 0.16 80829 5.03% 
Area03_108.laz 2 2.2 0.16 80848 5.03% 
Area03_144.laz 3 1.4 0.2 81833 5.09% 
Area03_39.laz 1 1.6 0.2 82511 5.14% 
Area03_79.laz 2 1 0.2 82805 5.15% 
Area03_83.laz 2 1.2 0.16 83034 5.17% 
Area03_24.laz 1 1 0.2 83339 5.19% 
Area03_44.laz 1 1.8 0.2 84438 5.26% 
Area03_49.laz 1 2 0.2 86399 5.38% 
Area03_139.laz 3 1.2 0.2 86541 5.39% 
Area03_163.laz 3 2.2 0.16 87319 5.44% 
Area03_54.laz 1 2.2 0.2 87673 5.46% 
Area03_219.laz 4 2.2 0.2 88286 5.50% 
Area03_28.laz 1 1.2 0.16 88320 5.50% 
Area03_33.laz 1 1.4 0.16 88603 5.52% 
73 
 
file_name step spike offset points_different percent_change 
Area03_158.laz 3 2 0.16 88639 5.52% 
Area03_214.laz 4 2 0.2 88823 5.53% 
Area03_153.laz 3 1.8 0.16 89024 5.54% 
Area03_78.laz 2 1 0.16 89480 5.57% 
Area03_148.laz 3 1.6 0.16 89922 5.60% 
Area03_38.laz 1 1.6 0.16 90428 5.63% 
Area03_23.laz 1 1 0.16 90804 5.65% 
Area03_209.laz 4 1.8 0.2 90962 5.66% 
Area03_97.laz 2 1.8 0.12 91289 5.68% 
Area03_102.laz 2 2 0.12 91534 5.70% 
Area03_92.laz 2 1.6 0.12 91574 5.70% 
Area03_107.laz 2 2.2 0.12 91619 5.70% 
Area03_19.laz 1 0.8 0.2 92110 5.73% 
Area03_43.laz 1 1.8 0.16 92159 5.74% 
Area03_87.laz 2 1.4 0.12 92627 5.77% 
Area03_204.laz 4 1.6 0.2 92951 5.79% 
Area03_143.laz 3 1.4 0.16 92963 5.79% 
Area03_74.laz 2 0.8 0.2 93574 5.82% 
Area03_48.laz 1 2 0.16 93894 5.84% 
Area03_53.laz 1 2.2 0.16 95057 5.92% 
Area03_82.laz 2 1.2 0.12 95300 5.93% 
Area03_138.laz 3 1.2 0.16 97119 6.05% 
Area03_274.laz 5 2.2 0.2 97228 6.05% 
Area03_134.laz 3 1 0.2 97374 6.06% 
Area03_199.laz 4 1.4 0.2 98056 6.10% 
Area03_269.laz 5 2 0.2 98104 6.11% 
Area03_18.laz 1 0.8 0.16 98546 6.13% 
Area03_73.laz 2 0.8 0.16 99610 6.20% 
Area03_329.laz 6 2.2 0.2 101007 6.29% 
Area03_264.laz 5 1.8 0.2 101127 6.29% 
Area03_77.laz 2 1 0.12 101605 6.32% 
Area03_324.laz 6 2 0.2 102033 6.35% 
Area03_218.laz 4 2.2 0.16 103653 6.45% 
Area03_384.laz 7 2.2 0.2 103668 6.45% 
Area03_259.laz 5 1.6 0.2 103893 6.47% 
Area03_162.laz 3 2.2 0.12 104089 6.48% 
Area03_194.laz 4 1.2 0.2 104658 6.51% 
Area03_213.laz 4 2 0.16 104780 6.52% 
Area03_157.laz 3 2 0.12 105363 6.56% 
Area03_319.laz 6 1.8 0.2 105672 6.58% 
Area03_208.laz 4 1.8 0.16 106278 6.62% 
Area03_379.laz 7 2 0.2 106423 6.62% 
Area03_152.laz 3 1.8 0.12 106686 6.64% 
Area03_439.laz 8 2.2 0.2 107022 6.66% 
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Area03_27.laz 1 1.2 0.12 107280 6.68% 
Area03_32.laz 1 1.4 0.12 107839 6.71% 
Area03_133.laz 3 1 0.16 107883 6.72% 
Area03_147.laz 3 1.6 0.12 108212 6.74% 
Area03_254.laz 5 1.4 0.2 108473 6.75% 
Area03_22.laz 1 1 0.12 108856 6.78% 
Area03_203.laz 4 1.6 0.16 109008 6.79% 
Area03_37.laz 1 1.6 0.12 109425 6.81% 
Area03_314.laz 6 1.6 0.2 109484 6.81% 
Area03_434.laz 8 2 0.2 109673 6.83% 
Area03_374.laz 7 1.8 0.2 109727 6.83% 
Area03_549.laz 10 2.2 0.2 110450 6.87% 
Area03_494.laz 9 2.2 0.2 110506 6.88% 
Area03_142.laz 3 1.4 0.12 110636 6.89% 
Area03_72.laz 2 0.8 0.12 110824 6.90% 
Area03_42.laz 1 1.8 0.12 111006 6.91% 
Area03_129.laz 3 0.8 0.2 112506 7.00% 
Area03_47.laz 1 2 0.12 112598 7.01% 
Area03_489.laz 9 2 0.2 112654 7.01% 
Area03_544.laz 10 2 0.2 112767 7.02% 
Area03_52.laz 1 2.2 0.12 113684 7.08% 
Area03_369.laz 7 1.6 0.2 113963 7.09% 
Area03_429.laz 8 1.8 0.2 114036 7.10% 
Area03_198.laz 4 1.4 0.16 114101 7.10% 
Area03_249.laz 5 1.2 0.2 114566 7.13% 
Area03_17.laz 1 0.8 0.12 114770 7.14% 
Area03_309.laz 6 1.4 0.2 114937 7.15% 
Area03_273.laz 5 2.2 0.16 115147 7.17% 
Area03_137.laz 3 1.2 0.12 115408 7.18% 
Area03_106.laz 2 2.2 0.08 115469 7.19% 
Area03_101.laz 2 2 0.08 115595 7.20% 
Area03_96.laz 2 1.8 0.08 115708 7.20% 
Area03_539.laz 10 1.8 0.2 115984 7.22% 
Area03_189.laz 4 1 0.2 116008 7.22% 
Area03_91.laz 2 1.6 0.08 116144 7.23% 
Area03_268.laz 5 2 0.16 116450 7.25% 
Area03_86.laz 2 1.4 0.08 117437 7.31% 
Area03_484.laz 9 1.8 0.2 117676 7.32% 
Area03_424.laz 8 1.6 0.2 117740 7.33% 
Area03_534.laz 10 1.6 0.2 118746 7.39% 
Area03_328.laz 6 2.2 0.16 119022 7.41% 
Area03_193.laz 4 1.2 0.16 119644 7.45% 
Area03_263.laz 5 1.8 0.16 119759 7.45% 
Area03_364.laz 7 1.4 0.2 119763 7.45% 
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Area03_479.laz 9 1.6 0.2 119785 7.46% 
Area03_81.laz 2 1.2 0.08 119958 7.47% 
Area03_323.laz 6 2 0.16 120836 7.52% 
Area03_383.laz 7 2.2 0.16 121359 7.55% 
Area03_128.laz 3 0.8 0.16 121445 7.56% 
Area03_419.laz 8 1.4 0.2 121730 7.58% 
Area03_258.laz 5 1.6 0.16 121885 7.59% 
Area03_304.laz 6 1.2 0.2 122193 7.61% 
Area03_474.laz 9 1.4 0.2 123940 7.71% 
Area03_318.laz 6 1.8 0.16 124021 7.72% 
Area03_244.laz 5 1 0.2 124804 7.77% 
Area03_378.laz 7 2 0.16 124856 7.77% 
Area03_529.laz 10 1.4 0.2 124954 7.78% 
Area03_132.laz 3 1 0.12 125459 7.81% 
Area03_359.laz 7 1.2 0.2 125564 7.82% 
Area03_76.laz 2 1 0.08 125807 7.83% 
Area03_253.laz 5 1.4 0.16 126701 7.89% 
Area03_438.laz 8 2.2 0.16 126953 7.90% 
Area03_414.laz 8 1.2 0.2 127586 7.94% 
Area03_373.laz 7 1.8 0.16 127925 7.96% 
Area03_313.laz 6 1.6 0.16 128302 7.99% 
Area03_217.laz 4 2.2 0.12 128972 8.03% 
Area03_188.laz 4 1 0.16 129495 8.06% 
Area03_184.laz 4 0.8 0.2 129560 8.06% 
Area03_469.laz 9 1.2 0.2 129612 8.07% 
Area03_212.laz 4 2 0.12 130219 8.11% 
Area03_493.laz 9 2.2 0.16 130642 8.13% 
Area03_524.laz 10 1.2 0.2 130734 8.14% 
Area03_433.laz 8 2 0.16 130845 8.14% 
Area03_161.laz 3 2.2 0.08 130958 8.15% 
Area03_548.laz 10 2.2 0.16 131339 8.18% 
Area03_248.laz 5 1.2 0.16 131839 8.21% 
Area03_69.laz 2 0.6 0.2 132025 8.22% 
Area03_207.laz 4 1.8 0.12 132161 8.23% 
Area03_156.laz 3 2 0.08 132326 8.24% 
Area03_488.laz 9 2 0.16 132837 8.27% 
Area03_299.laz 6 1 0.2 132897 8.27% 
Area03_14.laz 1 0.6 0.2 133080 8.28% 
Area03_428.laz 8 1.8 0.16 133280 8.30% 
Area03_308.laz 6 1.4 0.16 133420 8.30% 
Area03_543.laz 10 2 0.16 133766 8.33% 
Area03_151.laz 3 1.8 0.08 133864 8.33% 
Area03_368.laz 7 1.6 0.16 134088 8.35% 
Area03_71.laz 2 0.8 0.08 134252 8.36% 
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Area03_354.laz 7 1 0.2 134500 8.37% 
Area03_202.laz 4 1.6 0.12 135202 8.42% 
Area03_146.laz 3 1.6 0.08 135995 8.46% 
Area03_538.laz 10 1.8 0.16 136585 8.50% 
Area03_68.laz 2 0.6 0.16 136900 8.52% 
Area03_13.laz 1 0.6 0.16 137121 8.54% 
Area03_423.laz 8 1.6 0.16 137703 8.57% 
Area03_409.laz 8 1 0.2 137725 8.57% 
Area03_483.laz 9 1.8 0.16 137829 8.58% 
Area03_127.laz 3 0.8 0.12 137946 8.59% 
Area03_303.laz 6 1.2 0.16 138531 8.62% 
Area03_141.laz 3 1.4 0.08 138783 8.64% 
Area03_363.laz 7 1.4 0.16 138928 8.65% 
Area03_464.laz 9 1 0.2 139666 8.69% 
Area03_478.laz 9 1.6 0.16 139790 8.70% 
Area03_197.laz 4 1.4 0.12 139897 8.71% 
Area03_519.laz 10 1 0.2 140234 8.73% 
Area03_239.laz 5 0.8 0.2 140553 8.75% 
Area03_533.laz 10 1.6 0.16 140647 8.75% 
Area03_418.laz 8 1.4 0.16 141136 8.78% 
Area03_243.laz 5 1 0.16 141680 8.82% 
Area03_183.laz 4 0.8 0.16 141903 8.83% 
Area03_136.laz 3 1.2 0.08 143278 8.92% 
Area03_358.laz 7 1.2 0.16 143531 8.93% 
Area03_473.laz 9 1.4 0.16 144531 9.00% 
Area03_192.laz 4 1.2 0.12 145101 9.03% 
Area03_67.laz 2 0.6 0.12 145471 9.05% 
Area03_528.laz 10 1.4 0.16 146034 9.09% 
Area03_272.laz 5 2.2 0.12 146526 9.12% 
Area03_413.laz 8 1.2 0.16 146560 9.12% 
Area03_26.laz 1 1.2 0.08 146942 9.15% 
Area03_294.laz 6 0.8 0.2 147125 9.16% 
Area03_21.laz 1 1 0.08 147413 9.18% 
Area03_31.laz 1 1.4 0.08 147711 9.19% 
Area03_267.laz 5 2 0.12 147972 9.21% 
Area03_12.laz 1 0.6 0.12 148112 9.22% 
Area03_36.laz 1 1.6 0.08 149192 9.29% 
Area03_349.laz 7 0.8 0.2 149241 9.29% 
Area03_298.laz 6 1 0.16 149450 9.30% 
Area03_468.laz 9 1.2 0.16 150179 9.35% 
Area03_41.laz 1 1.8 0.08 150742 9.38% 
Area03_16.laz 1 0.8 0.08 150890 9.39% 
Area03_523.laz 10 1.2 0.16 151107 9.41% 
Area03_262.laz 5 1.8 0.12 151335 9.42% 
77 
 
file_name step spike offset points_different percent_change 
Area03_353.laz 7 1 0.16 151489 9.43% 
Area03_404.laz 8 0.8 0.2 151980 9.46% 
Area03_46.laz 1 2 0.08 152172 9.47% 
Area03_131.laz 3 1 0.08 152184 9.47% 
Area03_327.laz 6 2.2 0.12 152226 9.48% 
Area03_459.laz 9 0.8 0.2 152919 9.52% 
Area03_51.laz 1 2.2 0.08 153165 9.53% 
Area03_257.laz 5 1.6 0.12 153355 9.55% 
Area03_322.laz 6 2 0.12 153694 9.57% 
Area03_187.laz 4 1 0.12 153907 9.58% 
Area03_124.laz 3 0.6 0.2 154281 9.60% 
Area03_382.laz 7 2.2 0.12 154407 9.61% 
Area03_514.laz 10 0.8 0.2 154709 9.63% 
Area03_238.laz 5 0.8 0.16 155338 9.67% 
Area03_408.laz 8 1 0.16 155341 9.67% 
Area03_252.laz 5 1.4 0.12 157527 9.81% 
Area03_317.laz 6 1.8 0.12 157950 9.83% 
Area03_377.laz 7 2 0.12 158231 9.85% 
Area03_463.laz 9 1 0.16 158385 9.86% 
Area03_518.laz 10 1 0.16 159532 9.93% 
Area03_437.laz 8 2.2 0.12 160929 10.02% 
Area03_312.laz 6 1.6 0.12 161220 10.04% 
Area03_123.laz 3 0.6 0.16 161376 10.04% 
Area03_293.laz 6 0.8 0.16 162078 10.09% 
Area03_247.laz 5 1.2 0.12 162523 10.12% 
Area03_372.laz 7 1.8 0.12 162945 10.14% 
Area03_432.laz 8 2 0.12 163090 10.15% 
Area03_492.laz 9 2.2 0.12 164228 10.22% 
Area03_182.laz 4 0.8 0.12 164439 10.24% 
Area03_126.laz 3 0.8 0.08 164510 10.24% 
Area03_348.laz 7 0.8 0.16 164622 10.25% 
Area03_66.laz 2 0.6 0.08 164645 10.25% 
Area03_547.laz 10 2.2 0.12 165374 10.29% 
Area03_307.laz 6 1.4 0.12 165875 10.32% 
Area03_487.laz 9 2 0.12 166181 10.34% 
Area03_427.laz 8 1.8 0.12 166254 10.35% 
Area03_367.laz 7 1.6 0.12 167466 10.42% 
Area03_542.laz 10 2 0.12 167529 10.43% 
Area03_403.laz 8 0.8 0.16 167932 10.45% 
Area03_105.laz 2 2.2 0.04 168390 10.48% 
Area03_100.laz 2 2 0.04 168555 10.49% 
Area03_95.laz 2 1.8 0.04 168916 10.51% 
Area03_90.laz 2 1.6 0.04 169444 10.55% 
Area03_458.laz 9 0.8 0.16 170153 10.59% 
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Area03_216.laz 4 2.2 0.08 170157 10.59% 
Area03_179.laz 4 0.6 0.2 170162 10.59% 
Area03_422.laz 8 1.6 0.12 170191 10.59% 
Area03_302.laz 6 1.2 0.12 170328 10.60% 
Area03_85.laz 2 1.4 0.04 170760 10.63% 
Area03_537.laz 10 1.8 0.12 170774 10.63% 
Area03_211.laz 4 2 0.08 170851 10.63% 
Area03_482.laz 9 1.8 0.12 170877 10.64% 
Area03_362.laz 7 1.4 0.12 171252 10.66% 
Area03_242.laz 5 1 0.12 171697 10.69% 
Area03_513.laz 10 0.8 0.16 171845 10.70% 
Area03_477.laz 9 1.6 0.12 173250 10.78% 
Area03_80.laz 2 1.2 0.04 173288 10.79% 
Area03_206.laz 4 1.8 0.08 173952 10.83% 
Area03_417.laz 8 1.4 0.12 174164 10.84% 
Area03_160.laz 3 2.2 0.04 174225 10.84% 
Area03_122.laz 3 0.6 0.12 174321 10.85% 
Area03_532.laz 10 1.6 0.12 174779 10.88% 
Area03_155.laz 3 2 0.04 175290 10.91% 
Area03_357.laz 7 1.2 0.12 175518 10.93% 
Area03_11.laz 1 0.6 0.08 175681 10.94% 
Area03_201.laz 4 1.6 0.08 176632 10.99% 
Area03_150.laz 3 1.8 0.04 177684 11.06% 
Area03_472.laz 9 1.4 0.12 177870 11.07% 
Area03_75.laz 2 1 0.04 178624 11.12% 
Area03_412.laz 8 1.2 0.12 178795 11.13% 
Area03_527.laz 10 1.4 0.12 179045 11.14% 
Area03_178.laz 4 0.6 0.16 179228 11.16% 
Area03_145.laz 3 1.6 0.04 179548 11.18% 
Area03_297.laz 6 1 0.12 180066 11.21% 
Area03_196.laz 4 1.4 0.08 180339 11.23% 
Area03_467.laz 9 1.2 0.12 182187 11.34% 
Area03_352.laz 7 1 0.12 182328 11.35% 
Area03_140.laz 3 1.4 0.04 182619 11.37% 
Area03_237.laz 5 0.8 0.12 182848 11.38% 
Area03_234.laz 5 0.6 0.2 183543 11.42% 
Area03_522.laz 10 1.2 0.12 184086 11.46% 
Area03_191.laz 4 1.2 0.08 185115 11.52% 
Area03_407.laz 8 1 0.12 186283 11.60% 
Area03_70.laz 2 0.8 0.04 186427 11.60% 
Area03_135.laz 3 1.2 0.04 187546 11.67% 
Area03_289.laz 6 0.6 0.2 189120 11.77% 
Area03_462.laz 9 1 0.12 189377 11.79% 
Area03_292.laz 6 0.8 0.12 190731 11.87% 
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Area03_517.laz 10 1 0.12 191141 11.90% 
Area03_344.laz 7 0.6 0.2 191338 11.91% 
Area03_186.laz 4 1 0.08 192957 12.01% 
Area03_399.laz 8 0.6 0.2 193172 12.02% 
Area03_347.laz 7 0.8 0.12 193425 12.04% 
Area03_271.laz 5 2.2 0.08 193993 12.07% 
Area03_454.laz 9 0.6 0.2 194022 12.08% 
Area03_233.laz 5 0.6 0.16 194676 12.12% 
Area03_130.laz 3 1 0.04 195174 12.15% 
Area03_509.laz 10 0.6 0.2 195392 12.16% 
Area03_121.laz 3 0.6 0.08 195533 12.17% 
Area03_266.laz 5 2 0.08 195627 12.18% 
Area03_402.laz 8 0.8 0.12 196776 12.25% 
Area03_177.laz 4 0.6 0.12 197255 12.28% 
Area03_261.laz 5 1.8 0.08 198694 12.37% 
Area03_457.laz 9 0.8 0.12 199109 12.39% 
Area03_288.laz 6 0.6 0.16 200502 12.48% 
Area03_512.laz 10 0.8 0.12 200892 12.50% 
Area03_256.laz 5 1.6 0.08 201011 12.51% 
Area03_181.laz 4 0.8 0.08 201868 12.57% 
Area03_343.laz 7 0.6 0.16 202870 12.63% 
Area03_326.laz 6 2.2 0.08 203203 12.65% 
Area03_321.laz 6 2 0.08 204536 12.73% 
Area03_251.laz 5 1.4 0.08 204767 12.75% 
Area03_398.laz 8 0.6 0.16 205120 12.77% 
Area03_125.laz 3 0.8 0.04 206445 12.85% 
Area03_381.laz 7 2.2 0.08 206515 12.85% 
Area03_453.laz 9 0.6 0.16 207174 12.90% 
Area03_508.laz 10 0.6 0.16 208664 12.99% 
Area03_316.laz 6 1.8 0.08 208814 13.00% 
Area03_246.laz 5 1.2 0.08 209346 13.03% 
Area03_376.laz 7 2 0.08 209533 13.04% 
Area03_311.laz 6 1.6 0.08 211664 13.17% 
Area03_65.laz 2 0.6 0.04 212457 13.22% 
Area03_9.laz 1 0.4 0.2 212529 13.23% 
Area03_436.laz 8 2.2 0.08 212721 13.24% 
Area03_371.laz 7 1.8 0.08 213999 13.32% 
Area03_491.laz 9 2.2 0.08 214051 13.32% 
Area03_8.laz 1 0.4 0.16 214129 13.33% 
Area03_20.laz 1 1 0.04 214573 13.36% 
Area03_25.laz 1 1.2 0.04 215172 13.39% 
Area03_431.laz 8 2 0.08 215228 13.40% 
Area03_15.laz 1 0.8 0.04 215618 13.42% 
Area03_546.laz 10 2.2 0.08 216091 13.45% 
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Area03_30.laz 1 1.4 0.04 216295 13.46% 
Area03_232.laz 5 0.6 0.12 216580 13.48% 
Area03_486.laz 9 2 0.08 216623 13.48% 
Area03_306.laz 6 1.4 0.08 216750 13.49% 
Area03_366.laz 7 1.6 0.08 217151 13.52% 
Area03_541.laz 10 2 0.08 217337 13.53% 
Area03_241.laz 5 1 0.08 217603 13.54% 
Area03_35.laz 1 1.6 0.04 217951 13.57% 
Area03_426.laz 8 1.8 0.08 218528 13.60% 
Area03_40.laz 1 1.8 0.04 219429 13.66% 
Area03_7.laz 1 0.4 0.12 219848 13.68% 
Area03_301.laz 6 1.2 0.08 220529 13.73% 
Area03_45.laz 1 2 0.04 220730 13.74% 
Area03_361.laz 7 1.4 0.08 220805 13.74% 
Area03_421.laz 8 1.6 0.08 221086 13.76% 
Area03_481.laz 9 1.8 0.08 221127 13.76% 
Area03_536.laz 10 1.8 0.08 221498 13.79% 
Area03_50.laz 1 2.2 0.04 221642 13.80% 
Area03_64.laz 2 0.4 0.2 221797 13.81% 
Area03_287.laz 6 0.6 0.12 223238 13.90% 
Area03_476.laz 9 1.6 0.08 224177 13.95% 
Area03_356.laz 7 1.2 0.08 224579 13.98% 
Area03_416.laz 8 1.4 0.08 224899 14.00% 
Area03_531.laz 10 1.6 0.08 225099 14.01% 
Area03_215.laz 4 2.2 0.04 225605 14.04% 
Area03_63.laz 2 0.4 0.16 225826 14.06% 
Area03_342.laz 7 0.6 0.12 226461 14.10% 
Area03_210.laz 4 2 0.04 226540 14.10% 
Area03_236.laz 5 0.8 0.08 226953 14.13% 
Area03_471.laz 9 1.4 0.08 227655 14.17% 
Area03_296.laz 6 1 0.08 227747 14.18% 
Area03_397.laz 8 0.6 0.12 228957 14.25% 
Area03_411.laz 8 1.2 0.08 229028 14.26% 
Area03_176.laz 4 0.6 0.08 229108 14.26% 
Area03_526.laz 10 1.4 0.08 229977 14.31% 
Area03_10.laz 1 0.6 0.04 229997 14.32% 
Area03_205.laz 4 1.8 0.04 230404 14.34% 
Area03_452.laz 9 0.6 0.12 230504 14.35% 
Area03_351.laz 7 1 0.08 231225 14.39% 
Area03_466.laz 9 1.2 0.08 231585 14.41% 
Area03_62.laz 2 0.4 0.12 232439 14.47% 
Area03_120.laz 3 0.6 0.04 232610 14.48% 
Area03_200.laz 4 1.6 0.04 232726 14.49% 
Area03_507.laz 10 0.6 0.12 233914 14.56% 
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Area03_521.laz 10 1.2 0.08 234127 14.57% 
Area03_119.laz 3 0.4 0.2 234809 14.62% 
Area03_6.laz 1 0.4 0.08 235928 14.69% 
Area03_406.laz 8 1 0.08 235985 14.69% 
Area03_195.laz 4 1.4 0.04 236141 14.70% 
Area03_291.laz 6 0.8 0.08 236450 14.72% 
Area03_461.laz 9 1 0.08 238247 14.83% 
Area03_346.laz 7 0.8 0.08 239765 14.92% 
Area03_516.laz 10 1 0.08 240319 14.96% 
Area03_190.laz 4 1.2 0.04 240336 14.96% 
Area03_118.laz 3 0.4 0.16 240868 14.99% 
Area03_401.laz 8 0.8 0.08 243738 15.17% 
Area03_61.laz 2 0.4 0.08 245786 15.30% 
Area03_456.laz 9 0.8 0.08 246049 15.32% 
Area03_185.laz 4 1 0.04 247099 15.38% 
Area03_511.laz 10 0.8 0.08 248320 15.46% 
Area03_117.laz 3 0.4 0.12 250337 15.58% 
Area03_174.laz 4 0.4 0.2 251439 15.65% 
Area03_231.laz 5 0.6 0.08 254633 15.85% 
Area03_180.laz 4 0.8 0.04 254721 15.85% 
Area03_270.laz 5 2.2 0.04 258465 16.09% 
Area03_173.laz 4 0.4 0.16 259272 16.14% 
Area03_265.laz 5 2 0.04 259901 16.18% 
Area03_286.laz 6 0.6 0.08 262917 16.37% 
Area03_260.laz 5 1.8 0.04 263180 16.38% 
Area03_255.laz 5 1.6 0.04 264955 16.49% 
Area03_116.laz 3 0.4 0.08 265929 16.55% 
Area03_341.laz 7 0.6 0.08 266542 16.59% 
Area03_325.laz 6 2.2 0.04 268041 16.68% 
Area03_229.laz 5 0.4 0.2 268194 16.69% 
Area03_250.laz 5 1.4 0.04 268278 16.70% 
Area03_396.laz 8 0.6 0.08 269445 16.77% 
Area03_320.laz 6 2 0.04 269925 16.80% 
Area03_451.laz 9 0.6 0.08 270523 16.84% 
Area03_5.laz 1 0.4 0.04 271646 16.91% 
Area03_506.laz 10 0.6 0.08 272459 16.96% 
Area03_245.laz 5 1.2 0.04 272691 16.97% 
Area03_172.laz 4 0.4 0.12 272853 16.98% 
Area03_315.laz 6 1.8 0.04 273413 17.02% 
Area03_284.laz 6 0.4 0.2 274406 17.08% 
Area03_380.laz 7 2.2 0.04 275119 17.12% 
Area03_339.laz 7 0.4 0.2 275652 17.16% 
Area03_228.laz 5 0.4 0.16 276519 17.21% 
Area03_310.laz 6 1.6 0.04 277176 17.25% 
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Area03_175.laz 4 0.6 0.04 277659 17.28% 
Area03_375.laz 7 2 0.04 277781 17.29% 
Area03_394.laz 8 0.4 0.2 278035 17.31% 
Area03_449.laz 9 0.4 0.2 278679 17.35% 
Area03_60.laz 2 0.4 0.04 279740 17.41% 
Area03_240.laz 5 1 0.04 279895 17.42% 
Area03_435.laz 8 2.2 0.04 280028 17.43% 
Area03_370.laz 7 1.8 0.04 281110 17.50% 
Area03_305.laz 6 1.4 0.04 281125 17.50% 
Area03_504.laz 10 0.4 0.2 281156 17.50% 
Area03_490.laz 9 2.2 0.04 281584 17.53% 
Area03_430.laz 8 2 0.04 281884 17.55% 
Area03_283.laz 6 0.4 0.16 282631 17.59% 
Area03_545.laz 10 2.2 0.04 283779 17.66% 
Area03_365.laz 7 1.6 0.04 283980 17.68% 
Area03_485.laz 9 2 0.04 284200 17.69% 
Area03_338.laz 7 0.4 0.16 284291 17.70% 
Area03_300.laz 6 1.2 0.04 284443 17.70% 
Area03_425.laz 8 1.8 0.04 284446 17.71% 
Area03_540.laz 10 2 0.04 285072 17.74% 
Area03_393.laz 8 0.4 0.16 286564 17.84% 
Area03_360.laz 7 1.4 0.04 286892 17.86% 
Area03_448.laz 9 0.4 0.16 286902 17.86% 
Area03_480.laz 9 1.8 0.04 286913 17.86% 
Area03_420.laz 8 1.6 0.04 287125 17.87% 
Area03_235.laz 5 0.8 0.04 287884 17.92% 
Area03_535.laz 10 1.8 0.04 288904 17.98% 
Area03_503.laz 10 0.4 0.16 289609 18.03% 
Area03_475.laz 9 1.6 0.04 289774 18.04% 
Area03_355.laz 7 1.2 0.04 290395 18.08% 
Area03_415.laz 8 1.4 0.04 290607 18.09% 
Area03_295.laz 6 1 0.04 290881 18.11% 
Area03_115.laz 3 0.4 0.04 292081 18.18% 
Area03_227.laz 5 0.4 0.12 292224 18.19% 
Area03_530.laz 10 1.6 0.04 292357 18.20% 
Area03_470.laz 9 1.4 0.04 293191 18.25% 
Area03_410.laz 8 1.2 0.04 294206 18.31% 
Area03_171.laz 4 0.4 0.08 295526 18.39% 
Area03_350.laz 7 1 0.04 295802 18.41% 
Area03_525.laz 10 1.4 0.04 296336 18.45% 
Area03_465.laz 9 1.2 0.04 296818 18.48% 
Area03_290.laz 6 0.8 0.04 298017 18.55% 
Area03_282.laz 6 0.4 0.12 298875 18.60% 
Area03_405.laz 8 1 0.04 299946 18.67% 
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Area03_520.laz 10 1.2 0.04 300129 18.68% 
Area03_337.laz 7 0.4 0.12 301032 18.74% 
Area03_460.laz 9 1 0.04 302523 18.83% 
Area03_345.laz 7 0.8 0.04 303245 18.88% 
Area03_392.laz 8 0.4 0.12 303519 18.89% 
Area03_447.laz 9 0.4 0.12 303578 18.90% 
Area03_515.laz 10 1 0.04 305171 19.00% 
Area03_400.laz 8 0.8 0.04 306769 19.09% 
Area03_502.laz 10 0.4 0.12 307181 19.12% 
Area03_455.laz 9 0.8 0.04 308985 19.23% 
Area03_230.laz 5 0.6 0.04 310362 19.32% 
Area03_510.laz 10 0.8 0.04 311851 19.41% 
Area03_285.laz 6 0.6 0.04 319508 19.89% 
Area03_226.laz 5 0.4 0.08 320504 19.95% 
Area03_340.laz 7 0.6 0.04 324542 20.20% 
Area03_395.laz 8 0.6 0.04 327924 20.41% 
Area03_281.laz 6 0.4 0.08 328376 20.44% 
Area03_450.laz 9 0.6 0.04 329203 20.49% 
Area03_505.laz 10 0.6 0.04 330533 20.57% 
Area03_336.laz 7 0.4 0.08 330945 20.60% 
Area03_446.laz 9 0.4 0.08 333172 20.74% 
Area03_170.laz 4 0.4 0.04 333349 20.75% 
Area03_391.laz 8 0.4 0.08 333464 20.76% 
Area03_501.laz 10 0.4 0.08 337094 20.98% 
Area03_225.laz 5 0.4 0.04 365081 22.72% 
Area03_280.laz 6 0.4 0.04 372542 23.19% 
Area03_335.laz 7 0.4 0.04 376813 23.45% 
Area03_4.laz 1 0.2 0.2 378740 23.57% 
Area03_390.laz 8 0.4 0.04 379206 23.60% 
Area03_3.laz 1 0.2 0.16 380135 23.66% 
Area03_445.laz 9 0.4 0.04 380349 23.67% 
Area03_2.laz 1 0.2 0.12 381935 23.77% 
Area03_500.laz 10 0.4 0.04 382521 23.81% 
Area03_1.laz 1 0.2 0.08 386757 24.07% 
Area03_0.laz 1 0.2 0.04 398043 24.78% 
Area03_59.laz 2 0.2 0.2 457447 28.47% 
Area03_58.laz 2 0.2 0.16 459713 28.61% 
Area03_114.laz 3 0.2 0.2 462040 28.76% 
Area03_57.laz 2 0.2 0.12 463888 28.87% 
Area03_113.laz 3 0.2 0.16 464561 28.92% 
Area03_112.laz 3 0.2 0.12 470125 29.26% 
Area03_56.laz 2 0.2 0.08 472396 29.40% 
Area03_169.laz 4 0.2 0.2 477499 29.72% 
Area03_111.laz 3 0.2 0.08 479691 29.86% 
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file_name step spike offset points_different percent_change 
Area03_168.laz 4 0.2 0.16 480693 29.92% 
Area03_167.laz 4 0.2 0.12 486868 30.30% 
Area03_55.laz 2 0.2 0.04 490484 30.53% 
Area03_224.laz 5 0.2 0.2 492434 30.65% 
Area03_110.laz 3 0.2 0.04 493793 30.74% 
Area03_223.laz 5 0.2 0.16 495508 30.84% 
Area03_166.laz 4 0.2 0.08 499002 31.06% 
Area03_279.laz 6 0.2 0.2 499025 31.06% 
Area03_334.laz 7 0.2 0.2 501523 31.22% 
Area03_222.laz 5 0.2 0.12 501810 31.23% 
Area03_278.laz 6 0.2 0.16 501882 31.24% 
Area03_389.laz 8 0.2 0.2 503730 31.35% 
Area03_444.laz 9 0.2 0.2 504069 31.38% 
Area03_333.laz 7 0.2 0.16 505349 31.46% 
Area03_499.laz 10 0.2 0.2 505360 31.46% 
Area03_277.laz 6 0.2 0.12 507988 31.62% 
Area03_388.laz 8 0.2 0.16 508155 31.63% 
Area03_443.laz 9 0.2 0.16 508879 31.67% 
Area03_498.laz 10 0.2 0.16 510453 31.77% 
Area03_332.laz 7 0.2 0.12 511015 31.81% 
Area03_221.laz 5 0.2 0.08 515115 32.06% 
Area03_387.laz 8 0.2 0.12 515730 32.10% 
Area03_497.laz 10 0.2 0.12 516527 32.15% 
Area03_442.laz 9 0.2 0.12 516584 32.15% 
Area03_165.laz 4 0.2 0.04 518775 32.29% 
Area03_276.laz 6 0.2 0.08 521594 32.47% 
Area03_331.laz 7 0.2 0.08 523550 32.59% 
Area03_386.laz 8 0.2 0.08 528975 32.93% 
Area03_496.laz 10 0.2 0.08 529860 32.98% 
Area03_441.laz 9 0.2 0.08 529926 32.98% 
Area03_220.laz 5 0.2 0.04 538637 33.53% 
Area03_275.laz 6 0.2 0.04 545119 33.93% 
Area03_330.laz 7 0.2 0.04 547870 34.10% 
Area03_385.laz 8 0.2 0.04 552868 34.41% 
Area03_495.laz 10 0.2 0.04 554616 34.52% 
Area03_440.laz 9 0.2 0.04 555418 34.57% 
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11 APPENDIX D – AREA04 RESULTS 
The following table contains the text output of the python script for test Area02. The script 
outputs these results to a text file in the comma separated value format, but they have been 
reformatted into a table here for legibility. The table is organized by “points_different,” smallest 
values to largest. This organization method was used to determine the most effective parameter 
combinations during this research. 
Table 9: Results generated by python script for Area04. 
file_name step spike offset points_different percent_change 
Area04_104.laz 2 2 0.2 156473 5.05% 
Area04_109.laz 2 2.2 0.2 156656 5.05% 
Area04_99.laz 2 1.8 0.2 157659 5.09% 
Area04_94.laz 2 1.6 0.2 160236 5.17% 
Area04_89.laz 2 1.4 0.2 168798 5.45% 
Area04_39.laz 1 1.6 0.2 180353 5.82% 
Area04_103.laz 2 2 0.16 180462 5.82% 
Area04_108.laz 2 2.2 0.16 180562 5.83% 
Area04_34.laz 1 1.4 0.2 180721 5.83% 
Area04_98.laz 2 1.8 0.16 181475 5.85% 
Area04_84.laz 2 1.2 0.2 183454 5.92% 
Area04_93.laz 2 1.6 0.16 183795 5.93% 
Area04_44.laz 1 1.8 0.2 184408 5.95% 
Area04_29.laz 1 1.2 0.2 186644 6.02% 
Area04_164.laz 3 2.2 0.2 188038 6.07% 
Area04_159.laz 3 2 0.2 189897 6.13% 
Area04_49.laz 1 2 0.2 189902 6.13% 
Area04_88.laz 2 1.4 0.16 191421 6.18% 
Area04_154.laz 3 1.8 0.2 192615 6.21% 
Area04_54.laz 1 2.2 0.2 195258 6.30% 
Area04_149.laz 3 1.6 0.2 199106 6.42% 
Area04_24.laz 1 1 0.2 203203 6.56% 
Area04_83.laz 2 1.2 0.16 204567 6.60% 
Area04_33.laz 1 1.4 0.16 205389 6.63% 
Area04_38.laz 1 1.6 0.16 206341 6.66% 
Area04_28.laz 1 1.2 0.16 209132 6.75% 
Area04_144.laz 3 1.4 0.2 210028 6.78% 
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Area04_43.laz 1 1.8 0.16 210938 6.81% 
Area04_79.laz 2 1 0.2 211837 6.83% 
Area04_102.laz 2 2 0.12 216440 6.98% 
Area04_107.laz 2 2.2 0.12 216479 6.98% 
Area04_48.laz 1 2 0.16 216690 6.99% 
Area04_97.laz 2 1.8 0.12 217495 7.02% 
Area04_92.laz 2 1.6 0.12 219602 7.08% 
Area04_53.laz 1 2.2 0.16 221982 7.16% 
Area04_23.laz 1 1 0.16 222337 7.17% 
Area04_163.laz 3 2.2 0.16 223410 7.21% 
Area04_158.laz 3 2 0.16 225414 7.27% 
Area04_87.laz 2 1.4 0.12 226203 7.30% 
Area04_139.laz 3 1.2 0.2 226929 7.32% 
Area04_19.laz 1 0.8 0.2 227842 7.35% 
Area04_153.laz 3 1.8 0.16 228735 7.38% 
Area04_78.laz 2 1 0.16 229711 7.41% 
Area04_219.laz 4 2.2 0.2 235284 7.59% 
Area04_148.laz 3 1.6 0.16 235459 7.60% 
Area04_82.laz 2 1.2 0.12 237395 7.66% 
Area04_214.laz 4 2 0.2 237963 7.68% 
Area04_209.laz 4 1.8 0.2 242563 7.83% 
Area04_18.laz 1 0.8 0.16 243690 7.86% 
Area04_32.laz 1 1.4 0.12 244475 7.89% 
Area04_143.laz 3 1.4 0.16 245081 7.91% 
Area04_27.laz 1 1.2 0.12 245856 7.93% 
Area04_37.laz 1 1.6 0.12 246680 7.96% 
Area04_74.laz 2 0.8 0.2 250134 8.07% 
Area04_204.laz 4 1.6 0.2 250532 8.08% 
Area04_42.laz 1 1.8 0.12 251750 8.12% 
Area04_22.laz 1 1 0.12 254967 8.23% 
Area04_47.laz 1 2 0.12 257771 8.32% 
Area04_134.laz 3 1 0.2 258425 8.34% 
Area04_77.laz 2 1 0.12 259536 8.37% 
Area04_138.laz 3 1.2 0.16 260013 8.39% 
Area04_52.laz 1 2.2 0.12 263113 8.49% 
Area04_199.laz 4 1.4 0.2 265438 8.56% 
Area04_73.laz 2 0.8 0.16 265869 8.58% 
Area04_17.laz 1 0.8 0.12 271804 8.77% 
Area04_162.laz 3 2.2 0.12 272179 8.78% 
Area04_157.laz 3 2 0.12 275355 8.88% 
Area04_274.laz 5 2.2 0.2 276198 8.91% 
Area04_101.laz 2 2 0.08 277550 8.95% 
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Area04_106.laz 2 2.2 0.08 277776 8.96% 
Area04_152.laz 3 1.8 0.12 278435 8.98% 
Area04_96.laz 2 1.8 0.08 278495 8.99% 
Area04_91.laz 2 1.6 0.08 280256 9.04% 
Area04_269.laz 5 2 0.2 281085 9.07% 
Area04_147.laz 3 1.6 0.12 284810 9.19% 
Area04_218.laz 4 2.2 0.16 285373 9.21% 
Area04_86.laz 2 1.4 0.08 285875 9.22% 
Area04_133.laz 3 1 0.16 287599 9.28% 
Area04_329.laz 6 2.2 0.2 288284 9.30% 
Area04_194.laz 4 1.2 0.2 288400 9.30% 
Area04_213.laz 4 2 0.16 288671 9.31% 
Area04_384.laz 7 2.2 0.2 290174 9.36% 
Area04_72.laz 2 0.8 0.12 292102 9.42% 
Area04_264.laz 5 1.8 0.2 292533 9.44% 
Area04_142.laz 3 1.4 0.12 293497 9.47% 
Area04_208.laz 4 1.8 0.16 293772 9.48% 
Area04_324.laz 6 2 0.2 295525 9.53% 
Area04_81.laz 2 1.2 0.08 295683 9.54% 
Area04_494.laz 9 2.2 0.2 298972 9.65% 
Area04_259.laz 5 1.6 0.2 300056 9.68% 
Area04_439.laz 8 2.2 0.2 300105 9.68% 
Area04_379.laz 7 2 0.2 300996 9.71% 
Area04_129.laz 3 0.8 0.2 301649 9.73% 
Area04_203.laz 4 1.6 0.16 303205 9.78% 
Area04_319.laz 6 1.8 0.2 303286 9.78% 
Area04_434.laz 8 2 0.2 304410 9.82% 
Area04_26.laz 1 1.2 0.08 305663 9.86% 
Area04_137.laz 3 1.2 0.12 306300 9.88% 
Area04_31.laz 1 1.4 0.08 306657 9.89% 
Area04_14.laz 1 0.6 0.2 306730 9.90% 
Area04_549.laz 10 2.2 0.2 306974 9.90% 
Area04_489.laz 9 2 0.2 306998 9.90% 
Area04_374.laz 7 1.8 0.2 307974 9.94% 
Area04_36.laz 1 1.6 0.08 310248 10.01% 
Area04_21.laz 1 1 0.08 310628 10.02% 
Area04_314.laz 6 1.6 0.2 312720 10.09% 
Area04_429.laz 8 1.8 0.2 312789 10.09% 
Area04_76.laz 2 1 0.08 314444 10.14% 
Area04_544.laz 10 2 0.2 314982 10.16% 
Area04_484.laz 9 1.8 0.2 315118 10.17% 
Area04_41.laz 1 1.8 0.08 315680 10.18% 
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Area04_369.laz 7 1.6 0.2 316214 10.20% 
Area04_13.laz 1 0.6 0.16 316669 10.22% 
Area04_198.laz 4 1.4 0.16 317066 10.23% 
Area04_254.laz 5 1.4 0.2 317666 10.25% 
Area04_424.laz 8 1.6 0.2 320775 10.35% 
Area04_539.laz 10 1.8 0.2 321781 10.38% 
Area04_46.laz 1 2 0.08 321857 10.38% 
Area04_16.laz 1 0.8 0.08 321904 10.39% 
Area04_479.laz 9 1.6 0.2 323158 10.43% 
Area04_309.laz 6 1.4 0.2 326974 10.55% 
Area04_51.laz 1 2.2 0.08 327275 10.56% 
Area04_128.laz 3 0.8 0.16 327845 10.58% 
Area04_189.laz 4 1 0.2 328849 10.61% 
Area04_132.laz 3 1 0.12 330954 10.68% 
Area04_534.laz 10 1.6 0.2 331049 10.68% 
Area04_364.laz 7 1.4 0.2 332189 10.72% 
Area04_12.laz 1 0.6 0.12 335286 10.82% 
Area04_249.laz 5 1.2 0.2 336739 10.86% 
Area04_419.laz 8 1.4 0.2 337295 10.88% 
Area04_193.laz 4 1.2 0.16 337941 10.90% 
Area04_273.laz 5 2.2 0.16 338917 10.93% 
Area04_71.laz 2 0.8 0.08 341283 11.01% 
Area04_161.laz 3 2.2 0.08 341811 11.03% 
Area04_474.laz 9 1.4 0.2 341834 11.03% 
Area04_268.laz 5 2 0.16 343025 11.07% 
Area04_156.laz 3 2 0.08 345434 11.14% 
Area04_304.laz 6 1.2 0.2 347875 11.22% 
Area04_328.laz 6 2.2 0.16 348728 11.25% 
Area04_151.laz 3 1.8 0.08 348764 11.25% 
Area04_529.laz 10 1.4 0.2 349269 11.27% 
Area04_263.laz 5 1.8 0.16 351726 11.35% 
Area04_217.laz 4 2.2 0.12 352385 11.37% 
Area04_359.laz 7 1.2 0.2 352692 11.38% 
Area04_146.laz 3 1.6 0.08 354077 11.42% 
Area04_69.laz 2 0.6 0.2 354712 11.44% 
Area04_323.laz 6 2 0.16 355431 11.47% 
Area04_414.laz 8 1.2 0.2 355542 11.47% 
Area04_212.laz 4 2 0.12 355964 11.48% 
Area04_383.laz 7 2.2 0.16 356459 11.50% 
Area04_258.laz 5 1.6 0.16 359313 11.59% 
Area04_141.laz 3 1.4 0.08 361396 11.66% 
Area04_207.laz 4 1.8 0.12 361613 11.67% 
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Area04_378.laz 7 2 0.16 363438 11.73% 
Area04_438.laz 8 2.2 0.16 363453 11.73% 
Area04_318.laz 6 1.8 0.16 363600 11.73% 
Area04_493.laz 9 2.2 0.16 365601 11.80% 
Area04_469.laz 9 1.2 0.2 365999 11.81% 
Area04_127.laz 3 0.8 0.12 366736 11.83% 
Area04_68.laz 2 0.6 0.16 366822 11.83% 
Area04_433.laz 8 2 0.16 367673 11.86% 
Area04_244.laz 5 1 0.2 368845 11.90% 
Area04_548.laz 10 2.2 0.16 370407 11.95% 
Area04_202.laz 4 1.6 0.12 370852 11.96% 
Area04_313.laz 6 1.6 0.16 370853 11.96% 
Area04_188.laz 4 1 0.16 371126 11.97% 
Area04_373.laz 7 1.8 0.16 371164 11.97% 
Area04_488.laz 9 2 0.16 372097 12.00% 
Area04_11.laz 1 0.6 0.08 372344 12.01% 
Area04_184.laz 4 0.8 0.2 372855 12.03% 
Area04_136.laz 3 1.2 0.08 373197 12.04% 
Area04_253.laz 5 1.4 0.16 374280 12.08% 
Area04_428.laz 8 1.8 0.16 375678 12.12% 
Area04_524.laz 10 1.2 0.2 376334 12.14% 
Area04_543.laz 10 2 0.16 377564 12.18% 
Area04_299.laz 6 1 0.2 378745 12.22% 
Area04_368.laz 7 1.6 0.16 379811 12.25% 
Area04_483.laz 9 1.8 0.16 381217 12.30% 
Area04_538.laz 10 1.8 0.16 383751 12.38% 
Area04_423.laz 8 1.6 0.16 383759 12.38% 
Area04_308.laz 6 1.4 0.16 385456 12.44% 
Area04_354.laz 7 1 0.2 385686 12.44% 
Area04_67.laz 2 0.6 0.12 386272 12.46% 
Area04_197.laz 4 1.4 0.12 386363 12.47% 
Area04_478.laz 9 1.6 0.16 388086 12.52% 
Area04_248.laz 5 1.2 0.16 390756 12.61% 
Area04_363.laz 7 1.4 0.16 392511 12.66% 
Area04_409.laz 8 1 0.2 392670 12.67% 
Area04_100.laz 2 2 0.04 392818 12.67% 
Area04_105.laz 2 2.2 0.04 393017 12.68% 
Area04_25.laz 1 1.2 0.04 393204 12.69% 
Area04_95.laz 2 1.8 0.04 393298 12.69% 
Area04_20.laz 1 1 0.04 393759 12.70% 
Area04_90.laz 2 1.6 0.04 394566 12.73% 
Area04_131.laz 3 1 0.08 395004 12.74% 
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Area04_30.laz 1 1.4 0.04 396445 12.79% 
Area04_533.laz 10 1.6 0.16 396677 12.80% 
Area04_418.laz 8 1.4 0.16 397078 12.81% 
Area04_85.laz 2 1.4 0.04 398130 12.84% 
Area04_15.laz 1 0.8 0.04 398912 12.87% 
Area04_35.laz 1 1.6 0.04 401322 12.95% 
Area04_303.laz 6 1.2 0.16 403406 13.01% 
Area04_192.laz 4 1.2 0.12 403706 13.02% 
Area04_80.laz 2 1.2 0.04 405405 13.08% 
Area04_473.laz 9 1.4 0.16 405468 13.08% 
Area04_40.laz 1 1.8 0.04 407253 13.14% 
Area04_464.laz 9 1 0.2 408878 13.19% 
Area04_124.laz 3 0.6 0.2 409392 13.21% 
Area04_358.laz 7 1.2 0.16 410178 13.23% 
Area04_183.laz 4 0.8 0.16 411109 13.26% 
Area04_239.laz 5 0.8 0.2 411144 13.26% 
Area04_528.laz 10 1.4 0.16 411416 13.27% 
Area04_413.laz 8 1.2 0.16 413126 13.33% 
Area04_45.laz 1 2 0.04 413679 13.35% 
Area04_243.laz 5 1 0.16 418832 13.51% 
Area04_50.laz 1 2.2 0.04 419151 13.52% 
Area04_75.laz 2 1 0.04 420055 13.55% 
Area04_519.laz 10 1 0.2 420776 13.58% 
Area04_272.laz 5 2.2 0.12 420857 13.58% 
Area04_294.laz 6 0.8 0.2 422090 13.62% 
Area04_66.laz 2 0.6 0.08 423028 13.65% 
Area04_267.laz 5 2 0.12 425610 13.73% 
Area04_126.laz 3 0.8 0.08 426286 13.75% 
Area04_468.laz 9 1.2 0.16 426732 13.77% 
Area04_298.laz 6 1 0.16 429938 13.87% 
Area04_123.laz 3 0.6 0.16 430011 13.87% 
Area04_349.laz 7 0.8 0.2 430138 13.88% 
Area04_187.laz 4 1 0.12 430696 13.90% 
Area04_262.laz 5 1.8 0.12 432433 13.95% 
Area04_327.laz 6 2.2 0.12 433085 13.97% 
Area04_10.laz 1 0.6 0.04 433905 14.00% 
Area04_523.laz 10 1.2 0.16 434429 14.02% 
Area04_322.laz 6 2 0.12 437850 14.13% 
Area04_353.laz 7 1 0.16 437947 14.13% 
Area04_257.laz 5 1.6 0.12 440356 14.21% 
Area04_382.laz 7 2.2 0.12 440652 14.22% 
Area04_70.laz 2 0.8 0.04 441219 14.23% 
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Area04_404.laz 8 0.8 0.2 444092 14.33% 
Area04_408.laz 8 1 0.16 444155 14.33% 
Area04_317.laz 6 1.8 0.12 444291 14.33% 
Area04_216.laz 4 2.2 0.08 444381 14.34% 
Area04_9.laz 1 0.4 0.2 445259 14.37% 
Area04_377.laz 7 2 0.12 446503 14.41% 
Area04_437.laz 8 2.2 0.12 446610 14.41% 
Area04_160.laz 3 2.2 0.04 447692 14.44% 
Area04_211.laz 4 2 0.08 448111 14.46% 
Area04_8.laz 1 0.4 0.16 449893 14.51% 
Area04_432.laz 8 2 0.12 449937 14.52% 
Area04_492.laz 9 2.2 0.12 450355 14.53% 
Area04_155.laz 3 2 0.04 451571 14.57% 
Area04_252.laz 5 1.4 0.12 452080 14.59% 
Area04_312.laz 6 1.6 0.12 452147 14.59% 
Area04_547.laz 10 2.2 0.12 453714 14.64% 
Area04_150.laz 3 1.8 0.04 454082 14.65% 
Area04_206.laz 4 1.8 0.08 454373 14.66% 
Area04_372.laz 7 1.8 0.12 454767 14.67% 
Area04_238.laz 5 0.8 0.16 455483 14.70% 
Area04_487.laz 9 2 0.12 456930 14.74% 
Area04_122.laz 3 0.6 0.12 458897 14.81% 
Area04_145.laz 3 1.6 0.04 458897 14.81% 
Area04_7.laz 1 0.4 0.12 459652 14.83% 
Area04_427.laz 8 1.8 0.12 459680 14.83% 
Area04_459.laz 9 0.8 0.2 459880 14.84% 
Area04_542.laz 10 2 0.12 460034 14.84% 
Area04_367.laz 7 1.6 0.12 462326 14.92% 
Area04_463.laz 9 1 0.16 463047 14.94% 
Area04_201.laz 4 1.6 0.08 463359 14.95% 
Area04_482.laz 9 1.8 0.12 463848 14.97% 
Area04_307.laz 6 1.4 0.12 464560 14.99% 
Area04_140.laz 3 1.4 0.04 465026 15.00% 
Area04_182.laz 4 0.8 0.12 465689 15.02% 
Area04_247.laz 5 1.2 0.12 465809 15.03% 
Area04_422.laz 8 1.6 0.12 466131 15.04% 
Area04_514.laz 10 0.8 0.2 466316 15.04% 
Area04_293.laz 6 0.8 0.16 466879 15.06% 
Area04_537.laz 10 1.8 0.12 467227 15.07% 
Area04_477.laz 9 1.6 0.12 471780 15.22% 
Area04_518.laz 10 1 0.16 473880 15.29% 
Area04_362.laz 7 1.4 0.12 474054 15.29% 
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Area04_135.laz 3 1.2 0.04 475371 15.34% 
Area04_348.laz 7 0.8 0.16 475994 15.36% 
Area04_196.laz 4 1.4 0.08 477648 15.41% 
Area04_179.laz 4 0.6 0.2 478462 15.44% 
Area04_417.laz 8 1.4 0.12 478764 15.45% 
Area04_532.laz 10 1.6 0.12 479411 15.47% 
Area04_302.laz 6 1.2 0.12 479722 15.48% 
Area04_6.laz 1 0.4 0.08 480702 15.51% 
Area04_472.laz 9 1.4 0.12 487898 15.74% 
Area04_357.laz 7 1.2 0.12 489063 15.78% 
Area04_242.laz 5 1 0.12 489431 15.79% 
Area04_403.laz 8 0.8 0.16 490217 15.82% 
Area04_412.laz 8 1.2 0.12 491594 15.86% 
Area04_527.laz 10 1.4 0.12 493010 15.91% 
Area04_130.laz 3 1 0.04 493492 15.92% 
Area04_191.laz 4 1.2 0.08 494546 15.96% 
Area04_297.laz 6 1 0.12 502181 16.20% 
Area04_65.laz 2 0.6 0.04 504550 16.28% 
Area04_121.laz 3 0.6 0.08 504679 16.28% 
Area04_458.laz 9 0.8 0.16 506963 16.36% 
Area04_178.laz 4 0.6 0.16 506988 16.36% 
Area04_467.laz 9 1.2 0.12 508414 16.40% 
Area04_513.laz 10 0.8 0.16 512174 16.52% 
Area04_352.laz 7 1 0.12 512411 16.53% 
Area04_522.laz 10 1.2 0.12 514415 16.60% 
Area04_186.laz 4 1 0.08 516631 16.67% 
Area04_407.laz 8 1 0.12 517250 16.69% 
Area04_234.laz 5 0.6 0.2 518426 16.73% 
Area04_5.laz 1 0.4 0.04 518902 16.74% 
Area04_237.laz 5 0.8 0.12 519808 16.77% 
Area04_125.laz 3 0.8 0.04 520784 16.80% 
Area04_289.laz 6 0.6 0.2 527308 17.01% 
Area04_64.laz 2 0.4 0.2 528760 17.06% 
Area04_271.laz 5 2.2 0.08 528876 17.06% 
Area04_266.laz 5 2 0.08 532343 17.17% 
Area04_292.laz 6 0.8 0.12 533330 17.21% 
Area04_344.laz 7 0.6 0.2 534954 17.26% 
Area04_462.laz 9 1 0.12 536324 17.30% 
Area04_261.laz 5 1.8 0.08 537592 17.34% 
Area04_63.laz 2 0.4 0.16 538431 17.37% 
Area04_326.laz 6 2.2 0.08 541836 17.48% 
Area04_347.laz 7 0.8 0.12 542683 17.51% 
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Area04_256.laz 5 1.6 0.08 544799 17.58% 
Area04_517.laz 10 1 0.12 545153 17.59% 
Area04_181.laz 4 0.8 0.08 545444 17.60% 
Area04_321.laz 6 2 0.08 545604 17.60% 
Area04_177.laz 4 0.6 0.12 548842 17.71% 
Area04_233.laz 5 0.6 0.16 549749 17.74% 
Area04_381.laz 7 2.2 0.08 550249 17.75% 
Area04_316.laz 6 1.8 0.08 551670 17.80% 
Area04_62.laz 2 0.4 0.12 553356 17.85% 
Area04_376.laz 7 2 0.08 554681 17.90% 
Area04_251.laz 5 1.4 0.08 555940 17.94% 
Area04_436.laz 8 2.2 0.08 556118 17.94% 
Area04_491.laz 9 2.2 0.08 558210 18.01% 
Area04_311.laz 6 1.6 0.08 558954 18.03% 
Area04_431.laz 8 2 0.08 559463 18.05% 
Area04_399.laz 8 0.6 0.2 559467 18.05% 
Area04_288.laz 6 0.6 0.16 560225 18.07% 
Area04_546.laz 10 2.2 0.08 560730 18.09% 
Area04_402.laz 8 0.8 0.12 561605 18.12% 
Area04_371.laz 7 1.8 0.08 561736 18.12% 
Area04_486.laz 9 2 0.08 564844 18.22% 
Area04_215.laz 4 2.2 0.04 566803 18.29% 
Area04_541.laz 10 2 0.08 566950 18.29% 
Area04_426.laz 8 1.8 0.08 567866 18.32% 
Area04_246.laz 5 1.2 0.08 567880 18.32% 
Area04_343.laz 7 0.6 0.16 568503 18.34% 
Area04_306.laz 6 1.4 0.08 569125 18.36% 
Area04_454.laz 9 0.6 0.2 569434 18.37% 
Area04_366.laz 7 1.6 0.08 569979 18.39% 
Area04_509.laz 10 0.6 0.2 570383 18.40% 
Area04_210.laz 4 2 0.04 571158 18.43% 
Area04_481.laz 9 1.8 0.08 571475 18.44% 
Area04_536.laz 10 1.8 0.08 573567 18.50% 
Area04_457.laz 9 0.8 0.12 574383 18.53% 
Area04_421.laz 8 1.6 0.08 574949 18.55% 
Area04_205.laz 4 1.8 0.04 577249 18.62% 
Area04_476.laz 9 1.6 0.08 578237 18.66% 
Area04_61.laz 2 0.4 0.08 578858 18.68% 
Area04_119.laz 3 0.4 0.2 579067 18.68% 
Area04_512.laz 10 0.8 0.12 579232 18.69% 
Area04_361.laz 7 1.4 0.08 579746 18.70% 
Area04_301.laz 6 1.2 0.08 582501 18.79% 
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Area04_531.laz 10 1.6 0.08 585033 18.87% 
Area04_120.laz 3 0.6 0.04 585079 18.88% 
Area04_416.laz 8 1.4 0.08 586121 18.91% 
Area04_200.laz 4 1.6 0.04 587891 18.97% 
Area04_241.laz 5 1 0.08 589741 19.03% 
Area04_398.laz 8 0.6 0.16 592002 19.10% 
Area04_356.laz 7 1.2 0.08 593156 19.14% 
Area04_471.laz 9 1.4 0.08 593276 19.14% 
Area04_118.laz 3 0.4 0.16 594970 19.20% 
Area04_526.laz 10 1.4 0.08 597012 19.26% 
Area04_411.laz 8 1.2 0.08 597689 19.28% 
Area04_195.laz 4 1.4 0.04 600103 19.36% 
Area04_232.laz 5 0.6 0.12 600801 19.38% 
Area04_296.laz 6 1 0.08 602238 19.43% 
Area04_453.laz 9 0.6 0.16 602258 19.43% 
Area04_508.laz 10 0.6 0.16 604380 19.50% 
Area04_287.laz 6 0.6 0.12 611595 19.73% 
Area04_176.laz 4 0.6 0.08 612779 19.77% 
Area04_351.laz 7 1 0.08 613303 19.79% 
Area04_466.laz 9 1.2 0.08 613322 19.79% 
Area04_190.laz 4 1.2 0.04 613775 19.80% 
Area04_236.laz 5 0.8 0.08 614622 19.83% 
Area04_117.laz 3 0.4 0.12 617412 19.92% 
Area04_521.laz 10 1.2 0.08 619487 19.99% 
Area04_342.laz 7 0.6 0.12 620366 20.01% 
Area04_406.laz 8 1 0.08 621659 20.06% 
Area04_291.laz 6 0.8 0.08 627426 20.24% 
Area04_60.laz 2 0.4 0.04 630515 20.34% 
Area04_185.laz 4 1 0.04 631916 20.39% 
Area04_174.laz 4 0.4 0.2 637491 20.57% 
Area04_346.laz 7 0.8 0.08 637549 20.57% 
Area04_461.laz 9 1 0.08 637768 20.58% 
Area04_516.laz 10 1 0.08 643953 20.78% 
Area04_397.laz 8 0.6 0.12 644397 20.79% 
Area04_116.laz 3 0.4 0.08 649323 20.95% 
Area04_180.laz 4 0.8 0.04 656094 21.17% 
Area04_452.laz 9 0.6 0.12 656355 21.18% 
Area04_401.laz 8 0.8 0.08 657360 21.21% 
Area04_507.laz 10 0.6 0.12 657372 21.21% 
Area04_173.laz 4 0.4 0.16 657640 21.22% 
Area04_270.laz 5 2.2 0.04 664692 21.44% 
Area04_265.laz 5 2 0.04 667071 21.52% 
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Area04_456.laz 9 0.8 0.08 668779 21.58% 
Area04_260.laz 5 1.8 0.04 671542 21.67% 
Area04_511.laz 10 0.8 0.08 671668 21.67% 
Area04_325.laz 6 2.2 0.04 676414 21.82% 
Area04_231.laz 5 0.6 0.08 677180 21.85% 
Area04_255.laz 5 1.6 0.04 677511 21.86% 
Area04_229.laz 5 0.4 0.2 678094 21.88% 
Area04_320.laz 6 2 0.04 680157 21.94% 
Area04_284.laz 6 0.4 0.2 685157 22.11% 
Area04_315.laz 6 1.8 0.04 685483 22.12% 
Area04_380.laz 7 2.2 0.04 685851 22.13% 
Area04_250.laz 5 1.4 0.04 687147 22.17% 
Area04_172.laz 4 0.4 0.12 687578 22.18% 
Area04_375.laz 7 2 0.04 689904 22.26% 
Area04_286.laz 6 0.6 0.08 690120 22.27% 
Area04_339.laz 7 0.4 0.2 691629 22.31% 
Area04_310.laz 6 1.6 0.04 691811 22.32% 
Area04_435.laz 8 2.2 0.04 693176 22.36% 
Area04_370.laz 7 1.8 0.04 695047 22.42% 
Area04_490.laz 9 2.2 0.04 695359 22.43% 
Area04_430.laz 8 2 0.04 696338 22.47% 
Area04_545.laz 10 2.2 0.04 697513 22.50% 
Area04_245.laz 5 1.2 0.04 698116 22.52% 
Area04_341.laz 7 0.6 0.08 698367 22.53% 
Area04_228.laz 5 0.4 0.16 699442 22.57% 
Area04_305.laz 6 1.4 0.04 700733 22.61% 
Area04_485.laz 9 2 0.04 701044 22.62% 
Area04_540.laz 10 2 0.04 701852 22.64% 
Area04_365.laz 7 1.6 0.04 702300 22.66% 
Area04_425.laz 8 1.8 0.04 702974 22.68% 
Area04_115.laz 3 0.4 0.04 703437 22.69% 
Area04_283.laz 6 0.4 0.16 707408 22.82% 
Area04_480.laz 9 1.8 0.04 707554 22.83% 
Area04_535.laz 10 1.8 0.04 707801 22.84% 
Area04_175.laz 4 0.6 0.04 709224 22.88% 
Area04_420.laz 8 1.6 0.04 709653 22.90% 
Area04_360.laz 7 1.4 0.04 712436 22.99% 
Area04_475.laz 9 1.6 0.04 712533 22.99% 
Area04_300.laz 6 1.2 0.04 712861 23.00% 
Area04_338.laz 7 0.4 0.16 714574 23.05% 
Area04_240.laz 5 1 0.04 716832 23.13% 
Area04_394.laz 8 0.4 0.2 717334 23.14% 
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Area04_530.laz 10 1.6 0.04 717895 23.16% 
Area04_4.laz 1 0.2 0.2 718135 23.17% 
Area04_415.laz 8 1.4 0.04 719852 23.22% 
Area04_3.laz 1 0.2 0.16 723019 23.33% 
Area04_355.laz 7 1.2 0.04 724007 23.36% 
Area04_396.laz 8 0.6 0.08 724834 23.39% 
Area04_2.laz 1 0.2 0.12 726991 23.45% 
Area04_449.laz 9 0.4 0.2 727154 23.46% 
Area04_470.laz 9 1.4 0.04 727993 23.49% 
Area04_295.laz 6 1 0.04 729004 23.52% 
Area04_525.laz 10 1.4 0.04 729642 23.54% 
Area04_410.laz 8 1.2 0.04 730065 23.55% 
Area04_504.laz 10 0.4 0.2 730498 23.57% 
Area04_1.laz 1 0.2 0.08 732583 23.64% 
Area04_506.laz 10 0.6 0.08 733257 23.66% 
Area04_171.laz 4 0.4 0.08 733500 23.66% 
Area04_227.laz 5 0.4 0.12 733745 23.67% 
Area04_451.laz 9 0.6 0.08 734760 23.71% 
Area04_235.laz 5 0.8 0.04 736692 23.77% 
Area04_393.laz 8 0.4 0.16 740147 23.88% 
Area04_350.laz 7 1 0.04 740760 23.90% 
Area04_0.laz 1 0.2 0.04 740862 23.90% 
Area04_282.laz 6 0.4 0.12 742750 23.96% 
Area04_465.laz 9 1.2 0.04 745136 24.04% 
Area04_448.laz 9 0.4 0.16 748950 24.16% 
Area04_290.laz 6 0.8 0.04 749905 24.19% 
Area04_337.laz 7 0.4 0.12 749964 24.20% 
Area04_520.laz 10 1.2 0.04 750043 24.20% 
Area04_405.laz 8 1 0.04 752203 24.27% 
Area04_503.laz 10 0.4 0.16 754485 24.34% 
Area04_345.laz 7 0.8 0.04 760398 24.53% 
Area04_460.laz 9 1 0.04 767638 24.77% 
Area04_515.laz 10 1 0.04 769871 24.84% 
Area04_392.laz 8 0.4 0.12 777029 25.07% 
Area04_400.laz 8 0.8 0.04 780820 25.19% 
Area04_447.laz 9 0.4 0.12 784368 25.31% 
Area04_230.laz 5 0.6 0.04 786234 25.37% 
Area04_226.laz 5 0.4 0.08 789190 25.46% 
Area04_502.laz 10 0.4 0.12 790156 25.49% 
Area04_455.laz 9 0.8 0.04 792648 25.57% 
Area04_510.laz 10 0.8 0.04 793187 25.59% 
Area04_285.laz 6 0.6 0.04 798750 25.77% 
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Area04_281.laz 6 0.4 0.08 799207 25.78% 
Area04_170.laz 4 0.4 0.04 806577 26.02% 
Area04_336.laz 7 0.4 0.08 807283 26.05% 
Area04_340.laz 7 0.6 0.04 808056 26.07% 
Area04_395.laz 8 0.6 0.04 831936 26.84% 
Area04_391.laz 8 0.4 0.08 833509 26.89% 
Area04_446.laz 9 0.4 0.08 840771 27.13% 
Area04_505.laz 10 0.6 0.04 841695 27.16% 
Area04_450.laz 9 0.6 0.04 842438 27.18% 
Area04_501.laz 10 0.4 0.08 844101 27.23% 
Area04_59.laz 2 0.2 0.2 864902 27.90% 
Area04_58.laz 2 0.2 0.16 869328 28.05% 
Area04_225.laz 5 0.4 0.04 872783 28.16% 
Area04_57.laz 2 0.2 0.12 877991 28.33% 
Area04_280.laz 6 0.4 0.04 883397 28.50% 
Area04_335.laz 7 0.4 0.04 893107 28.81% 
Area04_56.laz 2 0.2 0.08 894223 28.85% 
Area04_114.laz 3 0.2 0.2 916420 29.57% 
Area04_390.laz 8 0.4 0.04 916823 29.58% 
Area04_113.laz 3 0.2 0.16 921512 29.73% 
Area04_55.laz 2 0.2 0.04 922210 29.75% 
Area04_445.laz 9 0.4 0.04 926272 29.88% 
Area04_500.laz 10 0.4 0.04 928865 29.97% 
Area04_112.laz 3 0.2 0.12 931911 30.07% 
Area04_111.laz 3 0.2 0.08 950405 30.66% 
Area04_169.laz 4 0.2 0.2 956919 30.87% 
Area04_168.laz 4 0.2 0.16 962681 31.06% 
Area04_167.laz 4 0.2 0.12 973788 31.42% 
Area04_110.laz 3 0.2 0.04 980152 31.62% 
Area04_224.laz 5 0.2 0.2 989247 31.92% 
Area04_223.laz 5 0.2 0.16 995583 32.12% 
Area04_279.laz 6 0.2 0.2 996308 32.14% 
Area04_166.laz 4 0.2 0.08 996884 32.16% 
Area04_278.laz 6 0.2 0.16 1002527 32.34% 
Area04_222.laz 5 0.2 0.12 1007533 32.51% 
Area04_334.laz 7 0.2 0.2 1010072 32.59% 
Area04_277.laz 6 0.2 0.12 1014219 32.72% 
Area04_333.laz 7 0.2 0.16 1018395 32.86% 
Area04_389.laz 8 0.2 0.2 1027984 33.17% 
Area04_332.laz 7 0.2 0.12 1029996 33.23% 
Area04_444.laz 9 0.2 0.2 1030704 33.25% 
Area04_221.laz 5 0.2 0.08 1033371 33.34% 
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Area04_388.laz 8 0.2 0.16 1033934 33.36% 
Area04_499.laz 10 0.2 0.2 1035548 33.41% 
Area04_165.laz 4 0.2 0.04 1037005 33.46% 
Area04_443.laz 9 0.2 0.16 1039199 33.53% 
Area04_276.laz 6 0.2 0.08 1040323 33.56% 
Area04_498.laz 10 0.2 0.16 1042032 33.62% 
Area04_387.laz 8 0.2 0.12 1045328 33.73% 
Area04_442.laz 9 0.2 0.12 1051307 33.92% 
Area04_497.laz 10 0.2 0.12 1053963 34.00% 
Area04_331.laz 7 0.2 0.08 1056982 34.10% 
Area04_386.laz 8 0.2 0.08 1070481 34.54% 
Area04_441.laz 9 0.2 0.08 1075523 34.70% 
Area04_220.laz 5 0.2 0.04 1077827 34.77% 
Area04_496.laz 10 0.2 0.08 1078164 34.78% 
Area04_275.laz 6 0.2 0.04 1084521 34.99% 
Area04_330.laz 7 0.2 0.04 1101304 35.53% 
Area04_385.laz 8 0.2 0.04 1114255 35.95% 
Area04_440.laz 9 0.2 0.04 1119166 36.11% 
Area04_495.laz 10 0.2 0.04 1120741 36.16% 
 
